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(54) Optical storage medium, optical read/write apparatus, and optical read/write method 



(57) An optical read/write apparatus causes a read/ 
write light beam from illuminating means to strike only 
one side of an optical storage medium including stacked 
data storage layers each of which is readable/writeable 
separately from the other layers. In this case, the optical 
read/write apparatus operates so that data is read/writ- 
ten from/into a second data storage layer (8) after fully 



recording a recordable area of a first data storage layer 
(10). Thus, light can be shone with uniform intensity 
across the substantially entire recordable area of the 
second data storage layer without using a complex read/ 
write system even under such conditions that the trans- 
mittance to light of the first data storage layer in the re- 
cordable area may vary depending on whether any data 
is recorded in the recordable area. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to optical storage 
media having a plurality of writeable and/or readable da- 
ta storage layers, optical read/write apparatus using 
such media, and optical read/write method using such 
media. 

BACKGROUND OF THE INVENTION 

[0002] Recent years have seen on-going develop- 
ment of optical read/write apparatus capable of writing 
a large amount of data, like video data in digital format, 
and randomly accessing such data. Also, various at- 
tempts are being made to increase the storage density 
of optical disks used as storage media in such optical 
read/write apparatus. 

[0003] In optical read/write apparatus, attempts are 
being made to increase storage density by means of, 
for example, an increased numerical aperture of an ob- 
jective lens and the use of short wavelength illumination 
for a smaller light beam spot. The efforts have been suc- 
cessful and the storage capacity optical disks are getting 
larger year after year. Technology has already estab- 
lished as to a DVD-ROM (Digital Versatile Discs for 
Read Only Memory) as an optical disk which now has 
doubled its capacity owning to double layer structure. 
[0004] A document entitled "A 16.8GB Double-Deck- 
er Phase Change Disc" distributed in Joint International 
Symposium on Optical Memory and Optical Data Stor- 
age 1 999 discloses an optical disk with an added density 
thanks to the double data storage layers which are write- 
able and readable. 

[0005] In the optical disk disclosed in the document, 
each data storage layer is made of phase change ma- 
terial. Such optical disks are classified into two types: 
Low-to-high media which has a higher reflectance in re- 
cording mark areas than in interval areas interposed be- 
tween recording mark areas and high-to-low media 
which conversely has a higher reflectance in interval ar- 
eas than in recording mark areas. Both types of media 
enable the readout of data by means of quantities of re- 
flected and transmitted light which vary depending on 
whether the phase change material is in polycrystal or 
amorphous phase. Similar optical disks using phase 
change material are disclosed in, for example, Japa- 
nese Laid-open Patent Application 2001-52342 (Toku- 
kai 2001-52342, published on February 23, 2001). 
[0006] However, for example, on the high-to-low me- 
dium having a higher reflectance in interval areas than 
in recording mark areas, mark rows which include low 
reflectance amorphous areas are formed along guiding 
grooves in recorded areas. In the optical disk, data is 
written or read on a first data storage layer close to the 
light-striking side and on a second data storage layer far 
from the light-striking side using light incident to the 



same side of the disk, the light beam first travels through 
the first data storage layer before writing or reading data 
on the second data storage layer. Accordingly, upon 
writing or reading on the second data storage layer, the 
5 intensity of light beam reaching the second data storage 
layer after passing through the first data storage layer 
must differ depending on whether or not the first data 
storage layer already holds any records, so as to pro- 
duce different writing or reading power sensitivities with 
10 respect to the second data storage layer. 

[0007] Therefore, to write or read data on the second 
data storage layer, the first data storage layer must be 
checked first to determine whether there are any 
records on it, so that the write or read light beam inten- 
ds sity can be specified. This adds complexity to the write/ 
read system. A problems arises here that optical writing/ 
reading system using such an optical disk is hardly prac- 
ticable. 

[0008] As mentioned above, Japanese Laid-open 

20 Patent Application 2001-52342 discloses an optical disk 
having a double data storage layer structure in which 
address information is provided in the form of wobbling 
groove so as to achieve stable writing and readout. 
[0009] Referring to Figure 64, an optical disk 501 pro- 

25 vided with conventional double data storage layers has 
a center hole 502 at the center. Data is written/read in 
a recordable area 503 in which a spiral guiding groove 
is provided for data write and readout. 
[0010] The optical disk 501 has an address area 504 

30 occupying a certain angular part. Address information 
is stored in the address area 504 as address pit rows 
extending radially. Throughout this text, this configura- 
tion, in which address information is stored collectively 
in one place, i.e., the address area 504 in the case of 

35 the optical disk 501 , will be referred to as a lumped ad- 
dress scheme. 

[0011] Figure 65 shows the optical disk 501 in vertical 
cross section. The optical disk substrate 506 has ther- 
eon a guiding-groove-formed layer 507 on whose sur- 

40 face a spiral guiding groove is formed from depressions 
and projections, a second storage layer 508, a guiding- 
groove-formed intermediate layer 509, a first storage 
layer 510, surface-coating layer 511 which are deposit- 
ed in the order. To write/read data on the first storage 

45 layer 51 0 and the second storage layer 508 in the optical 
disk 501, a focused light beam 512 is shone onto the 
first and second storage layers 510, 508 via only one 
side of the disk, that is, the side of the surface-coating 
layer 511 . 

50 [0012] Figure 66 shows an enlarged view of a guiding 
groove 513 and a part of address pit rows 515 in the 
address area 504. On the optical disk 501, recording 
marks 1114 are formed along the spiral guiding groove 
513, and the address pit rows 515 are formed extending 

55 from the guiding groove 513 in the address area 504. 
[001 3] To read/write data on the first storage layer 51 0 
in the optical disk 501, as shown in Figure 67, the light 
beam 51 2 to focused to illuminate the first storage layer 
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510 by means of tracking along the guiding groove 513 
on the first storage layer 510 while controlling the inten- 
sity of the light beam. To read/write data on the second 
storage layer 508, the light beam 512 is focused to illu- 
minate the second storage layer 508 by means of track- 
ing along the guiding groove 513 on the second storage 
layer 508 while controlling the intensity of the light beam. 
[0014] Under these conditions, let us suppose that the 
optical disk 501 is a phase change storage medium of 
a high-to-low type in which, for example, interval areas 
have high reflectance, i.e., lower transmittance, than the 
recording marks 1114 on the first storage layer 510 and 
the second storage layer 508. 

[0015] In the event, to read/write data on the second 
storage layer 508, a light beam 512d passes through 
the area where there is the guiding groove 513 on the 
first storage layer 510 and is focused onto the second 
storage layer 508, only after having passed through the 
area where there exist the recording marks 1114 which 
have relatively better transmittance. In contrast, a light 
beam 51 2d passes through the address area 504 of the 
first storage layer 510 and is focused onto the second 
storage layer 508, only after having passed through the 
area where there are no recording marks 1114 which 
have higher transmittance, that is, a low transmittance 
area. Therefore, the intensity of the light beam 51 2e 
having passed through the area where there is the guid- 
ing groove 513 on the first storage layer 510 becomes 
greater than that of the light beam 51 2d having passed 
through the address area of the first storage layer 51 0. 
[0016] Therefore, referring back to Figure 66, as to 
the optical disk 501 having address area where address 
pit rows 515 are lumped together, the intensity of a light 
beam focused onto the second storage layer 508 varies 
between the address area 504 and the other area where 
the guiding groove 513 is provided. This makes it im- 
possible perform stable write/readout. 
[0017] To solve these problems, in the aforemen- 
tioned prior art patent publication, no address area 504 
with address pit rows 515 in Figure 66 is provided. In- 
stead, it suggests that the variations in intensity of the 
light beam focused on the second storage layer 508 be 
restrained by providing a wobbling guiding groove to 
record address information in the form of wobbles. 
Throughout this text, the configuration, in which address 
information is not stored collectively in one place, but 
distributed will be referred to as a distributed address 
scheme. 

[0018] However, in the configuration disclosed in the 
prior art patent publication, address information is 
stored on the guiding groove in the form of its wobbles. 
Therefore, the guiding groove needs be scanned over 
a relatively long period of time to retrieve a single set of 
address information. 

[0019] Specifically, each address pit in the address pit 
rows 515 in Figure 66 has a diameter which is more or 
less equal to the width of the guiding groove 513: typi- 
cally, 0.3 microns to 0.5 microns, and each set of ad- 



dress information is recorded over about 1 mm or less 
of the guiding groove 513 in the address area 504. 
[0020] In contrast, in the case of wobbling guiding 
grooves, to ensure that the quantity of reflected light 
5 does not vary in tracking, each wobble must be several 
tens of microns long, that is, each address area storing 
a set of address information must be about 1 00 mm long 
in a wobbling guiding groove. 

[0021] In a lumped address scheme using address pit 
rows 515, address information is completely reproduced 
when about 1 mm or less of the address area is 
scanned. Meanwhile, in a distributed address scheme 
using a wobbling guiding groove, address information is 
completely reproduced only when about 1 00 mm of the 
guiding groove is scanned, which is relatively long. Dis- 
tributed address scheme is therefore not to achieve high 
speed randomly access in optically reading/writing data 
on optical disks. Lumped address scheme should hence 
be employed to reproduce address information instant- 
ly. 

[0022] Now referring to Figure 68, another conven- 
tional optical disk 601 has a center hole 602, a record- 
able area 603, innermost part 604, an outermost part 
605, and prepit areas 606. 

[0023] The optical disk 601 is provided with a guiding 
groove (not shown) which is, for example, spiral. Track- 
ing is done along the guiding groove to read/write data 
in the recordable areas 603 by shining a light beam 621 
onto first and second storage layers (double layers) 61 1 , 
612 as shown in Figure 69. In the prepit areas 606, or 
the inner prepit area 606a and outer prepit area 606b, 
of the first and second storage layer 611, 612, are there 
formed pit rows (not shown) which form, for example, a 
spiral. Tracking is done along the pit rows, and a light 
beam 621 is shone to reproduce prerecorded informa- 
tion from the pit rows. 

[0024] Figure 70 shows an enlarged view around the 
border between the recordable area 603 and a prepit 
area 606. Figure 71 shows its cross section in which only 
the first storage layer 611 and the second storage layer 
612 are depicted. The following description assumes 
that the first and second storage layers 611, 612 are 
formed in a phase change storage medium of a low-to- 
high type whose transmittance is higher in produced re- 
cording marks than in non-recorded areas. 
[0025] As shown in Figure 70 and Figure 71 , if the first 
storage layer 611, located on the light-striking side, has 
a prepit area 606, light beams 621a, 621b are focused 
and shone onto the second storage layer 612 after re- 
cording marks M are formed along the guiding groove 
G in the recordable area 603 of the first storage layer 
61 1 . In this case, intensity differs between the light beam 
621a, which is transmitted through the recordable area 
603 and then focused, and the light beam 621b, which 
is transmitted through the prepit area 606 and then fo- 
cused. 

[0026] In the recordable area 603 do there exist mul- 
tiple recording marks M with high transmittance, and the 
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light beam 621a transmitted through the recordable ar- 
ea 603 of the first storage layer 611 has a relatively high 
intensity. In the prepit area 606 do there exist no record- 
ing marks M, and the light beam 621b transmitted 
through the prepit area 606 of the first storage layer 611 
has a relatively low intensity. As could be understood 
from this, the provision of a prepit area 606 in the first 
storage Iayer611 causes undesirable variations in read- 
ing/writing power in reading/writing and makes it impos- 
sible to read/write data on the second storage layer 61 2 
in a stable manner. 

SUMMARY OF THE INVENTION 

[0027] The present invention has an objective to offer 
an optical storage medium, an optical read/write appa- 
ratus, and an optical read/write method, with which light 
can be shone with uniform intensity across the substan- 
tially entire recordable area of the second data storage 
layer without using a complex read/write system even 
under such conditions that the transmittance to light of 
the first data storage layer in the recordable area may 
vary depending on whether any data is recorded in the 
recordable area. 

[0028] In order to achieve the foregoing object, an op- 
tical storage medium of the present invention includes 
stacked data storage layers each of which is readable/ 
writeable separately from the other layers by means of 
only a light beam striking one side of the optical storage 
medium, and is characterized in that a recordable area 
of a first data storage layer has adjacent to an end there- 
of an extended area covering more than an area directly 
above a recordable area of a second data storage layer 
in a direction in which the first and second data storage 
layers are stacked, the first data storage layer being one 
of the data storage layers which is located closest to a 
light-striking surface of the medium, the second data 
storage layer being another of the data storage layers 
which is located next to the first data storage layer, op- 
posite the light-striking surface. 
[0029] According to the arrangement, the recordable 
area of the first data storage layer has adjacent to an 
end thereof an extended area covering more than an 
area directly above a recordable area of a second data 
storage layer in a direction in which the first and second 
data storage layers are stacked. Therefore, if data is 
read/written from/in the recordable area of the second 
data storage layer after fully recording the recordable 
area of the first data storage layer, substantially all the 
read/write light striking the second data storage layer 
after passing through the first data storage layer passes 
through the recorded recordable area of the first data 
storage layer upon reading/writing on the second data 
storage layer. 

[0030] Therefore, light can be projected at uniform in- 
tensity on substantially all recordable areas of the sec- 
ond data storage layer even when the optical transmit- 
tance of the recordable area of the first data storage lay- 



er varies depending whether the recordable area is fully 
recorded or not. Therefore, desirable read/write charac- 
teristics can be imparted without using a complex read/ 
write system. 

5 [0031] An optical read/write apparatus of the present 
invention causes a read/write light beam from illuminat- 
ing means to strike only one side of an optical storage 
medium, and is characterized in that the apparatus in- 
cludes controlling means for controlling the illuminating 
means so that the extended area of the optical storage 
medium is fully recorded before a recordable area of the 
first data storage layer of the optical storage medium is 
recorded except for the extended area. 
[0032] An optical read/write method of the present in- 
vention includes the step of fully recording the extended 
area before recording a recordable area of the first data 
storage layer of the optical storage medium except for 
the extended area. 

[0033] According to the arrangement, since the opti- 
cal storage medium has an extended area in the record- 
able area of the first data storage layer, light can be pro- 
jected at uniform intensity on substantially all recordable 
areas of the second data storage layer. Therefore, de- 
sirable read/write characteristics can be imparted with- 
out using a complex read/write system. 
[0034] The part of the recordable area of the first data 
storage layer other than the extended area is as large 
as the recordable area of the second data storage layer. 
The illuminating means is controllable in terms of its po- 
sition relative to the optical storage medium in the same 
manner in reading/writing in the part of the recordable 
area of the first data storage layer other than the extend- 
ed area and the recordable area of the second data stor- 
age layer. 

[0035] Another object of the present invention is to 
provide an optical storage medium, an optical read/write 
apparatus, and an optical read/write method, with which 
a desirable reading/writing property can be realized in 
an arrangement, using a lumped address scheme, 
which includes data storage layers. 
[0036] In order to achieve the foregoing object, an op- 
tical storage medium of the present invention includes 
stacked data storage layers each of which is readable/ 
writeable separately from the other layers by means of 
only a light beam striking one side of the optical storage 
medium, and each of the data storage layers has at least 
one address area where there are collectively formed 
address information portions representing address in- 
formation, and the optical storage medium exhibits an 
optical transmittance which varies when data is written 
by means of the light beam, wherein the address area 
of a first data storage layer includes a recorded area 
exhibiting a varied transmittance and a non-recorded ar- 
ea exhibiting an original transmittance, and the first data 
storage layer is one of the data storage layers which is 
located closest to a light-striking surface of the medium, 
and a second data storage layer is another of the data 
storage layers which is located next to the first data stor- 
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age layer, opposite the light-striking surface. 
[0037] An optical read/write apparatus of the present 
invention causes a read/write light beam from illuminat- 
ing means to strike only one side of an optical storage 
medium including stacked data storage layers each of 
which is readable/writeable separately from the other 
layers by means of only a light beam striking one side 
of the optical storage medium, and each of the data stor- 
age layers has at least one address area where there 
are collectively formed address information portions 
representing address information, and the optical stor- 
age medium exhibits an optical transmittance which var- 
ies when data is written by means of the light beam, and 
the optical read/write apparatus includes controlling 
means for controlling the illuminating means so that the 
address area of a first data storage layer includes a re- 
corded area exhibiting a varied transmittance and a non- 
recorded area exhibiting an original transmittance, and 
the first data storage layer is one of the data storage 
layers which is located closest to a light-striking surface 
of the medium, and a second data storage layer is an- 
other of the data storage layers which is located next to 
the first data storage layer, opposite the light-striking 
surface. 

[0038] An optical read/write method of the present in- 
vention includes the step of causing a read/write light 
beam to strike only one side of an optical storage medi- 
um including stacked data storage layers each of which 
is readable/writeable separately from the other layers 
by means of only a light beam striking one side of the 
optical storage medium, and each of the data storage 
layers has at least one address area where there are 
collectively formed address information portions repre- 
senting address information, and the optical storage 
medium exhibits an optical transmittance which varies 
when data is written by means of the light beam, wherein 
the address area in a first data storage layer includes a 
recorded area exhibiting a varied transmittance and a 
non-recorded area exhibiting an original transmittance, 
and the first data storage layer is one of the data storage 
layers which is located closest to a light-striking surface 
of the medium, and a second data storage layer is an- 
other of the data storage layers which is located next to 
the first data storage layer, opposite the light-striking 
surface. 

[0039] According to the arrangement, upon writing or 
reading on the second data storage layer, the intensity 
of light beam reaching the second data storage layer 
after passing through the address area of the first data 
storage layer on the light-striking side can be made to 
be almost the same as the intensity of a light beam 
reaching the second data storage layer after passing 
through the non-address area in the recordable area of 
the first data storage layer. As a result, it is possible to 
read/write data from/in the second data storage layer 
steadily and desirably. 

[0040] That is, as to the optical storage medium, the 
non-address area in the recordable area of the first data 



storage layer has a recorded area, for example, a re- 
cording mark is formed, so that the optical transmittance 
varies at the portion. In a case where the address area 
does not have the recorded area exhibiting a varied 
5 transmittance, upon reading or writing on the second da- 
ta storage layer, there is a great difference between the 
intensity of the light beam reaching the second data stor- 
age layer after passing the non-address area and the 
intensity of the light beam reaching the second data stor- 
age layer after passing the address area. 
[0041] On the other hand, the present invention is ar- 
ranged so that the address area in the first data storage 
layer of the optical storage medium includes a recorded 
area exhibiting a varied transmittance and a non-record- 
ed area exhibiting an original transmittance. Thus, also 
in the address area, an optical transmittance is varied 
due to the recorded area as in the non-address area. 
Therefore, as described above, the intensity of the light 
beam reaching the second data storage layer after 
passing through the address area of the first data stor- 
age layer on the light-striking side can be made to be 
almost the same as the intensity of light beam reaching 
the second data storage layer after passing through the 
non-address area in the recordable area of the first data 
storage layer. As a result, it is possible to read/write data 
from/in the second data storage layer steadily and de- 
sirably. 

[0042] According to the optical read/write apparatus 
or the optical read/write method, in a case where the 
recorded area is formed on the address area in the first 
data storage layer of the optical storage medium, it is 
possible to manufacture the optical storage medium at 
a lower cost since the manufacturing process of the op- 
tical storage medium is simplified. 
[0043] Further, still another object of the present in- 
vention is to provide an optical storage medium, an op- 
tical read/write apparatus, and an optical read/write 
method, with which data can be read/written steadily 
without being influenced by a prepit area. This is real- 
ized in an optical disc having two or more storage layers. 
[0044] In order to achieve the foregoing object, an op- 
tical storage medium of the present invention includes: 
one light-striking-side storage layer provided as a data 
storage layer on a light-striking side; and one or more 
opposite-side storage layers provided as data storage 
layers opposite the light-striking side from the light-strik- 
ing-side storage layer, wherein, in order to solve the 
foregoing problems, one of the opposite-side storage 
layers which is, as a last data storage layer, most dis- 
tanced from the light-striking-side storage layer has a 
prepit area which includes preformed pits representa- 
tive of data. 

[0045] According to the arrangement, since the last 
data storage layer, most distanced from the light-strik- 
ing-side storage layer, has a prepit area, intensity of the 
striking light is not varied by the prepit area. Thus, it is 
possible to read/write data from/in the last data storage 
layer steadily without being influenced by the prepit ar- 
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ea. 

[0046] An optical read/write apparatus of the present 
invention causes a read/write light beam from an illumi- 
nating section to strike only one side of the optical stor- 
age medium, wherein the optical read/write apparatus 5 
includes: the optical read/write apparatus includes: an 
envelope detecting section for detecting an envelope of 
a reproduction signal obtained from the prepit area; a 
mean level producing section for producing a mean level 
of the detected envelope; and a digital converting sec- 10 
tion for converting the reproduction signal to a digital sig- 
nal using the mean level as a reference. 
[0047] An optical read/write method of the present in- 
vention causes a read/write light beam from an illumi- 
nating section to strike only one side of the optical stor- 15 
age medium, wherein the method further includes the 
steps of: producing a mean level of an envelope of a 
reproduction signal obtained from the prepit area; and 
converting the reproduction signal to a digital signal us- 
ing the mean level as a reference. 20 
[0048] According to the foregoing apparatus and 
method, an envelope of a reproduction signal obtained 
when the prepit area is reproduced is detected by the 
envelope detecting section. Then, the mean level pro- 
ducing section produces a mean level of the detected 25 
envelope. Thereafter, the digital converting section con- 
verts the reproduction signal to a digital signal using the 
mean level as a reference. Thus, the mean level is al- 
ways detected, and the detected mean level is used as 
a reference in the digital conversion, so that it is possible 30 
to perform the digital conversion without being influ- 
enced by variance in amplitude of the reproduction sig- 
nal. For example, in a case where there exist a fully re- 
corded portion exhibiting high transmittance after re- 
cording and an unrecorded portion which holds no 35 
record, when a light beam that is projected so as to cover 
the fully recorded portion and the unrecorded portion is 
focused on the second storage layer, it is possible to 
steadily obtain a digital signal from the reproduction sig- 
nal even though the reproduction signal strength of pre- 40 
pit data varies in connection with rotation of the optical 
storage medium. Thus, it is possible to steadily repro- 
duce the prepit data on the second storage layer of the 
optical storage medium. 

[0049] For a fuller understanding of the nature and ad- 45 
vantages of the invention, reference should be made to 
the ensuing detailed description taken in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 50 
[0050] 

Figure 1 is a vertical cross-sectional view illustrating 
how an optical-disk-read/write apparatus of an em- 55 
bodiment of the present invention reads/writes data 
on the second storage layer of an optical disk. 
Figure 2 is a plan view of the optical disk shown in 



Figure 1 . 

Figure 3 is a vertical cross-sectional view showing 
the structure of the optical disk shown in Figure 1 . 
Figure 4 is an enlarged vertical cross-sectional view 
showing a major part of the optical disk shown in 
Figure 3 in more detail. 

Figure 5 depicts the structure of an optical-disk- 
read/write apparatus of an embodiment of the 
present invention. 

Figure 6 depicts the optical disk shown in Figure 2 
on which a recorded area occupies a part of the re- 
cordable area of the first storage layer. 
Figure 7 is a vertical cross-sectional view illustrating 
how data is read/written on the second storage lay- 
er of the optical disk shown in Figure 6. 
Figure 8 is a block diagram showing a configuration 
by which data is read/written on the second storage 
layer after the first storage layer of the optical disk 
in Figure 1 is fully recorded by means of the signal 
processing and controlling unit shown in Figure 5. 
Figure 9 depicts the structure of the first and second 
storage layers of an optical disk of an embodiment 
of the present invention and how data is read/writ- 
ten on the second storage layer. 
Figure 1 0 is a vertical cross-sectional view showing 
an optical disk which has the first and second stor- 
age layers shown in Figure 9. 
Figure 1 1 depicts the structure of the first and sec- 
ond storage layers of an optical disk which is a com- 
parative example of the optical disk shown in Figure 
9 and how data is read/written on the second stor- 
age layer. 

Figure 12 depicts the structure of the first and sec- 
ond storage layers of an optical disk of another em- 
bodiment of the present invention and how data is 
read/written on the second storage layer. 
Figure 1 3 is a vertical cross-sectional view showing 
an optical disk equipped with the first and second 
storage layers shown in Figure 12. 
Figure 14 is a block diagram showing the configu- 
ration of part of the signal processing and control- 
ling unit shown in Figure 5 by which an extended 
area of the optical disk shown in Figure 9 is fully 
recorded. 

Figure 15 is a block diagram showing the configu- 
ration of part of the signal processing and control- 
ling unit shown in Figure 5 by which data is encrypt- 
ed before written on the optical disk. 
Figure 16 is a block diagram showing the configu- 
ration of part of the signal processing and control- 
ling unit shown in Figure 5 by which apparatus ID 
information is recorded in an extended area of the 
optical disk shown in Figure 9. 
Figure 17 is a block diagram showing the configu- 
ration of part of the signal processing and control- 
ling unit shown in Figure 5 by which encryption code 
information is recorded in an extended area of the 
optical disk shown in Figure 9. 
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Figure 18 is a block diagram showing the configu- 
ration of part of the signal processing and control- 
ling unit shown in Figure 5 by which actions are tak- 
en according to whether or not the apparatus ID in- 
formation stored in an extended area of the optical 5 
disk shown in Figure 9 matches the apparatus ID 
information of the optical-disk-read/write appara- 
tus. 

Figure 19 is a block diagram showing the configu- 
ration of part of the signal processing and control- 10 
ling unit shown in Figure 5 by which encrypted in- 
formation stored on the optical disk is decrypted. 
Figure 20 is a block diagram showing the configu- 
ration of part of the signal processing and control- 
ling unit shown in Figure 5 by which data is test writ- 1$ 
ten in an extended area of the optical disk shown in 
Figure 9. 

Figure 21 is an enlarged view showing part of a re- 
cordable area and an address area of an optical 
disk as an optical storage medium of a further em- 20 
bodiment of the present invention. 
Figure 22 depicts how data is read/written in the re- 
cordable area and the address area of the second 
storage layer shown in Figure 21. 
Figure 23 is a plan view of the optical disk shown in 25 
Figure 21 . 

Figure 24 is a block diagram showing the configu- 
ration of part of a signal processing and controlling 
unit in an optical-disk-read/write apparatus of the 
present embodiment by which a continuous storage 30 
area is formed in an address area of the optical disk 
shown in Figure 21 based on a rotation synchro- 
nized signal. 

Figure 25 is a block diagram showing the configu- 
ration of part of the signal processing and control- 35 
ling unit by which a continuous storage area is 
formed in an address area of the optical disk shown 
in Figure 21 based on address information. 
Figure 26 is an enlarged view showing part of a re- 
cordable area, address area, and judgement mark 40 
area of an optical disk as an optical storage medium 
of still a further embodiment of the present inven- 
tion. 

Figure 27 is a block diagram showing the configu- 
ration of part of the signal processing and control- 45 
ling unit by which a continuous storage area is 
formed based on a signal reproduced from the 
judgement mark area of the optical disk shown in 
Figure 26. 

Figure 28 is an enlarged view showing part of a re- 50 
cordable area and an address area of an optical 
disk as an optical storage medium of another em- 
bodiment of the present invention. 
Figure 29 is a block diagram showing the configu- 
ration of part of the signal processing and control- 55 
ling unit by which a continuous storage area is 
formed on the optical disk shown in Figure 28 based 
on a tracking servo signal. 



Figure 30 is an enlarged view showing part of a re- 
cordable area and an address area of an optical 
disk as an optical storage medium of another em- 
bodiment of the present invention. 
Figure 31 is a block diagram showing the configu- 
ration of part of the signal processing and control- 
ling unit by which a continuous storage area is 
formed on the optical disk shown in Figure 30 based 
on an address information reproduction signal. 
Figure 32 is an enlarged vertical cross-sectional 
view showing the structure of a part of the first stor- 
age layer and the second storage layer which has 
a prepit area in an optical disk of another embodi- 
ment of the present invention. 
Figure 33 is a plan view showing common features 
in the structure of optical disks of another embodi- 
ment of the present invention. 
Figure 34 is a vertical cross-sectional view showing 
the structure of those types of optical disks which 
light enters on their surface-coating layer sides, 
among the foregoing optical disks. 
Figure 35 is an enlarged vertical cross-sectional 
view showing the structure of a major part in Figure 
34. 

Figure 36 is a perspective view showing the struc- 
ture of a guiding-groove-and-pits-formed layer and 
a part of a guiding-groove-and-pits-formed interme- 
diate layer where a guiding groove is formed on the 
optical disk. 

Figure 37 is a perspective view showing the struc- 
ture of a guiding-groove-and-pits-formed layer and 
a part of a guiding-groove-and-pits-formed interme- 
diate layer where pits are formed on the optical disk. 
Figure 38 is a vertical cross-sectional view showing 
the structure of those types of optical disks which 
light enters on their disk substrate sides, among the 
foregoing optical disks. 

Figure 39 is a plan view showing the first storage 
layer of the optical disk shown in Figure 34 is partly 
recorded. 

Figure 40 is a vertical cross-sectional view showing 
light beams being transmitted through a recorded 
part and a non-recorded part of the optical disk 
shown in Figure 39 before focused on the second 
storage layer. 

Figure 41 is a vertical cross-sectional view showing 
light beams transmitted through the first storage 
layer which is fully recorded before being focused 
on the second storage layer, in the optical disk 
shown in Figure 39. 

Figure 42 is an enlarged vertical cross-sectional 
view showing a part of the optical disk shown in Fig- 
ure 39, where data is recorded on a part of a record- 
able area of the first storage layer, and light beams 
are focused on prepits on the second storage layer. 
Figure 43 is an enlarged plan view of Figure 42. 
Figure 44 is a graph showing, under the conditions 
illustrated in Figure 42, the relationship between the 
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angular position of an optical disk and the intensity 
(envelope) of a reproduction signal of prepit infor- 
mation when a light beam is projected partly cover- 
ing both a recorded part and a non-recorded part in 
a recordable area of the first storage layer. 5 
Figure 45 is a waveform chart showing, under the 
conditions illustrated in Figure 42, the relationship 
between the angular position (0 degrees and 180 
degrees) of optical disk and the intensity of a repro- 
duction signal of prepit information when a light 10 
beam is projected partly covering both a recorded 
part and a non-recorded part in a recordable area 
of the first storage layer. 

Figure 46 is a waveform chart showing, under the 
conditions illustrated in Figure 44, the relationship 1$ 
between the angular position of an optical disk and 
the intensity of a reproduction signal of prepit infor- 
mation, where the envelope has a mean, slice level. 
Figure 47 is a block diagram showing the configu- 
ration of a reproduction circuit which produces a 20 
digital signal from a reproduction signal using the 
slice level shown in Figure 46. 
Figure 48 is a graph showing, under the conditions 
illustrated in Figure 42, the relationship between the 
angular position of an optical disk and the intensity 25 
(envelope) of a reproduction signal of prepit infor- 
mation when a light beam is projected partly cover- 
ing both a recorded part and a non-recorded part in 
a recordable area of the first storage layer, where 
the reproduction signal is rid of low frequency vari- 30 
ations. 

Figure 49 is a block diagram showing the configu- 
ration of a reproduction circuit which produces a 
digital signal based on the envelope shown in Fig- 
ure 48. 35 
Figure 50 is an enlarged vertical cross-sectional 
view showing the structure of a part of the optical 
disk shown in Figure 42, where the first storage lay- 
er has a pseudo-recording area. 
Figure 51 is an enlarge plan view showing the struc- 40 
ture of the pseudo-recording area. 
Figure 52 is a block diagram showing the configu- 
ration by which the pseudo-recording area is 
formed. 

Figure 53 is an enlarge vertical cross-sectional view 45 
showing the structure of a part of the optical disk of 
an embodiment of the present invention, where the 
first and second storage layers having a prepit area. 
Figure 54 is an enlarged vertical cross-sectional 
view showing the structure of a part of the optical 50 
disk of Figure 53, where the second storage layer 
has an extended blank area. 
Figure 55 is a plan view showing the structure of a 
part of the optical disk shown in Figure 33, where 
the prepit area is replaced by a prepit area in which 55 
is there provided a continuous storage area. 
Figure 56 is an enlarged vertical cross-sectional 
view showing the structure of a part of the first and 



second storage layer in the optical disk shown in 
Figure 55. 

Figure 57 is an enlarged plan view around the bor- 
der between a recordable area and a prepit area of 
the first storage layer in the optical disk shown in 
Figure 55. 

Figure 58 is an enlarged vertical cross-sectional 
view around the border shown in Figure 57, where 
light beams pass through a recordable area and a 
prepit area of the first storage layer before being fo- 
cused on the second storage layer. 
Figure 59 is a block diagram showing a configura- 
tion by which the continuous storage area is formed. 
Figure 60 is an enlarged vertical cross-sectional 
view showing the structure of a part of the first and 
second storage layers, as well as the third storage 
layer having a prepit area, of an optical disk of an- 
other embodiment of the present invention. 
Figure 61 is an enlarged vertical cross-sectional 
view showing the structure of a part of the optical 
disk shown in Figure 60, where the first and second 
storage layers have a pseudo-recording area. 
Figure 62 is an enlarged vertical cross-sectional 
view showing the structure of a part of the first stor- 
age layer which has a prepit area and the second 
and the third storage layers which do not, in an op- 
tical disk of another embodiment of the present in- 
vention. 

Figure 63 is an enlarged vertical cross-sectional 
view showing the structure of a part of the optical 
disk shown in Figure 62, where the prepit area is 
replaced by a prepit area in which is there provided 
a continuous storage area. 
Figure 64 is a plan view showing a conventional op- 
tical disk. 

Figure 65 is a vertical cross-sectional view showing 
the structure of the optical disk shown in Figure 64. 
Figure 66 is an enlarged view showing a part of a 
recordable area and an address area of the optical 
disk shown in Figure 64. 

Figure 67 depicts the readout and write in a record- 
able area and an address area of the second stor- 
age layer shown in Figure 66. 
Figure 68 is a plan view showing the structure of 
another conventional optical disk. 
Figure 69 is an enlarge vertical cross-sectional view 
showing light beams being focused on the first and 
second storage layer in the optical disk shown in 
Figure 68. 

Figure 70 is an enlarge plan view around the border 
between a recordable area and a prepit area of the 
first storage layer in the optical disk shown in Figure 
68. 

Figure 71 is an enlarge plan view showing light 
beams being focused on the second storage layer 
after transmitted through the first storage layer in 
the optical disk shown in Figure 69. 
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DESCRIPTION OF THE EMBODIMENTS 
[Embodiment 1] 

[0051] The following will describe an embodiment of 
the present invention in reference to Figures 1-8. 
[0052] Referring to Figure 2, an optical disk (optical 
storage medium) 1 of the present embodiment has a 
center hole 2 at its center and a recordable area 3 rela- 
tively close to the circumference in relation to the center 
hole 2. On the recordable area 3, a spiral read/write 
guiding groove is formed enabling data readout and 
write. Broken lines in the figure indicates an innermost 
part 4 and an outermost part 5 of the recordable area 3. 
[0053] Referring to Figure 3 showing a vertical cross- 
sectional view of the optical disk 1, the disk 1 has on a 
disk substrate 6 a guiding-groove-formed layer 7, a sec- 
ond storage layer (second data storage layer) 8, a guid- 
ing-groove-formed intermediate layer 9, a first storage 
layer (first data storage layer) 10, and a surface-coating 
layer 11, all the layers being stacked in this order. To 
read/write data in the first storage layer 1 0 or the second 
storage layer 8 of the optical disk 1 , a light beam 12 is 
always projected on the same side of the disk 1, i.e., the 
side where the surface-coating layer 11 is provided, so 
that the light beam is concentrated on the targeted, first 
or second storage layer 10, 8. 

[0054] The structure of the optical disk 1 is shown in 
Figure 4 in more detail. In the figure, the disk substrate 
6 is made of, for example, a transparent polycarbonate 
substrate which is 1.2 mm thick. The guiding-groove- 
formed layer 7 is made of, for example, an ultraviolet- 
ray-setting resin layer which is 20 microns thick. On the 
surface of the layer 7 which interfaces the second stor- 
age layer 8, a spiral guiding groove 13 is formed from 
depressions and projections. The guiding-groove- 
formed layer 7 is formed, for example, by a pattern trans- 
fer technology termed 2P method. 
[0055] The second storage layer 8 is made up of, for 
example, an AITi-alloy reflective film 14, a ZnS-Si0 2 in- 
terference film 15, a SiN protective film 16, a GeSbTe 
phase change recording layer 17, a SiN protective film 
18, and a ZnS-Si0 2 interference film 19. These layers 
are sequentially stacked on the guiding-groove-formed 
layer 7 by sputtering. 

[0056] As with the guiding-groove-formed layer 7, the 
guiding-groove-formed intermediate layer 9 is made of, 
for example, an ultraviolet-ray-setting resin layer which 
is 20 microns thick. On the surface of the intermediate 
layer 9 which interfaces the first storage layer 10, the 
guiding groove 13 is formed. The guiding-groove- 
formed layer 9 is again similarly formed, for example, by 
a pattern transfer technology termed 2P method. 
[0057] As with the second storage layer 8, the first 
storage layer 1 0 is made up of, for example, a ZnS-Si0 2 
interference film 20, a SiN protective film 21 , a GeSbTe 
phase change recording layer 22, a SiN protective film 
23, and a ZnS-Si0 2 interference film 24. These layers 



are sequentially stacked on the guiding-groove-formed 
intermediate layer 9 by sputtering. 
[0058] The surface-coating layer 11 is made of, for ex- 
ample, an ultraviolet-ray-setting resin layer which is 80 
5 microns thick. To form the layer 11, an ultraviolet-ray- 
setting resin is applied on the first storage layer 10 by 
spin coating and then cured by ultraviolet ray illumina- 
tion. 

[0059] The optical disk substrate 6 is, as mentioned 
10 in the foregoing, a transparent polycarbonate substrate. 
However, if the light beam 1 2 is incident only to the side 
of the surface-coating layer 11 as is the case with the 
optical disk 1 of the present embodiment, the disk sub- 
strate 6 is not necessarily transparent and may be an 
15 opaque metallic substrate. 

[0060] The optical disk 1 of the present embodiment 
has the guiding-groove-formed layer 7 with the guiding 
groove 13, and the guiding-groove-formed layer 7 is 
formed by 2P method. Alternatively, for example, the op- 
20 tical disk 1 may be formed by preparing the disk sub- 
strate 6 by injection molding and directly forming the 
guiding groove 13 on the optical disk substrate 6, in 
which case the guiding-groove-formed layer 7 is unnec- 
essary. 

25 [0061] The surface-coating layer 11 is formed on the 
first storage layer 10 by spin coating. Alternatively, the 
layer 1 1 may be a transparent sheet of uniform thickness 
pasted onto the first storage layer 10. 
[0062] The optical disk 1 has the guiding-groove- 

30 formed layer 7, the second storage layer 8, the guiding- 
groove-formed intermediate layer 9, the first storage lay- 
er 10, and the surface-coating layer 11 sequentially 
stacked on the optical disk substrate 6. Alternatively, the 
layers may be stacked on the optical disk substrate 6 in 

35 the order to the guiding-groove-formed layer 7, the first 
storage layer 10, the guiding-groove-formed intermedi- 
ate layer 9, the second storage layer 8, and the surface- 
coating layer 11, with the light beam 12 being projected 
onto the side on which the optical disk substrate 6 is 

40 located, in which case the films which will eventually 
constitute the first storage layer 10 and the second stor- 
age layer 8 must be formed in the reverse order from 
the case illustrated in Figure 4. 
[0063] An optical-disk-read/write apparatus (optical 

45 read/write apparatus) to read/write data on the optical 
disk 1 has the structure shown in Figure 5. In the optical- 
disk-read/write apparatus 31, the optical disk 1 is fixed 
to the spindle 33 of the motor at the center hub and ro- 
tated. 

50 [0064] The optical-disk-read/write apparatus 31 in- 
cludes an optical system unit 34 and a signal processing 
and controlling unit (controlling means) 35. The optical 
system unit 34 includes an illumination source 41 , such 
as a semiconductor laser, a collimator lens 42, a beam 

55 splitter 43, an objective lens 44, a double-axis actuator 
45, a collective lens 46 and a light-receiving element 47. 
The objective lens 44 is supported by the double-axis 
actuator 45 and moved along a focusing direction and 
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a tracking direction. The light-receiving element 47 in- 
cludes a reproduction signal detecting element, a focus 
error signal detecting element, and a tracking error sig- 
nal detecting element. The outputs of the detecting ele- 
ments are fed to the signal processing and controlling 
unit 35. 

[0065] The optical system unit 34 is driven by a slide 
driving unit (not shown) so as to reciprocally move along 
the radius of the optical disk 1 . 
[0066] The signal processing and controlling unit 35 
implements various signal processing and controlling 
operations. For example, the illumination source 41 is 
controlled in terms of output power in read/write opera- 
tions. The double-axis actuator 45 is controlled in re- 
sponse to the outputs of the focus error signal detecting 
element and the tracking error signal detecting element, 
to control the focusing and tracking actions of the objec- 
tive lens 44. The signal processing and controlling unit 
35 further controls the slide driving unit and hence the 
movement of the optical system unit 34 along the radius 
of the optical disk 1 . Thereby, the optical system unit 34, 
hence the objective lens 44, is moves to a position 
where the unit 34 can read/write data on a predeter- 
mined track. Other control actions of the signal process- 
ing and controlling unit 35 will be described later. 
[0067] In the optical-disk-read/write apparatus 31 , the 
light beam 1 2 is concentrated on either the first storage 
layer 1 0 or the second storage layer 8 by the mechanism 
discussed in the foregoing, so that data is read/written 
from/into either the first storage layer 10 or the second 
storage layer 8 along the guiding groove 13. 
[0068] In the present embodiment, in the optical-disk- 
read/write apparatus 31, data is read/written from/into 
the second storage layer 8 only after the recordable area 
3 of the first storage layer 10 is fully recorded. Actions 
in this case are implemented by the signal processing 
and controlling unit 35 which controls the optical system 
unit (illuminating means) 34 and the slide driving unit 
(illuminating means). 

[0069] Actions in this case are shown in Figure 1 . Re- 
ferring to that figure, when the read/write light beam 12 
is projected to the second storage layer 8, the recorda- 
ble areas 3 of the first storage layer 10 are fully recorded 
in advance (shown in black). Therefore, the light beam 
12 is transmitted through the fully recorded, first storage 
layer 10 and projected to the second storage layer 8. 
[0070] Assuming the foregoing structure, the follow- 
ing will describe how the optical-disk-read/write appa- 
ratus 31 reads/writes data on the optical disk 1 . 
[0071] In the optical-disk-read/write apparatus 31 , the 
light beam 12 emitted by the illumination source 41 is 
collimated by the collimator lens 42, transmitted through 
the beam splitter 43, before entering the objective lens 
44. Then, the light beam 12 is focused by the objective 
lens 44 on either the first storage layer 1 0 or the second 
storage layer 8 of the optical disk 1 . The reflection from 
the optical disk 1 passes through the objective lens 44, 
deflected by the beam splitter 43, and focused by the 



collective lens 46 on the light-receiving element 47. 
[0072] Thereafter, based on the output of the light-re- 
ceiving element 47, the signal processing and control- 
ling unit 35 controls the double-axis actuator 45 and 

5 hence the objective lens 44 for its precise focusing and 
tracking actions. Thus, in the optical-disk-read/write ap- 
paratus 31, to read/write data from/into either the first 
storage layer 10 or the second storage layer 8, the light 
beam 1 2 is focused on that storage layer along the guid- 

10 jng groove 13. 

[0073] In the foregoing situation, the following will de- 
scribe how the optical-disk-read/write apparatus 31 
reads/writes data on the optical disk 1 , provided that da- 
ta is recorded starting with the innermost part 4 of the 

15 recordable area 3 of the first storage layer 10 of the op- 
tical disk 1 until data fills part of the recordable area 3 
of the first storage layer 10 and then the operation 
moves to reading/writing data in the second storage lay- 
er 8. It is also supposed that the optical disk 1 is a high- 

20 to-low medium such that the interval area is more reflec- 
tive than the recording mark area and data is recorded 
by phase change. 

[0074] As a result of recording in the first storage layer 
1 0, as shown in Figures 6, 7, a recorded area 51 (shown 

25 by hatched lines) shown is produced covering the inner- 
most part 4 of the recordable area 3 of the first storage 
layer 10 up to partway of the recordable area 3. 
[0075] Here, the first storage layer 10 is more optically 
transmissive in the recorded area 51 than other areas. 

30 As a result, the light beam 12 projected on the second 
storage layer 8 is more intense when it is concentrated 
on the second storage layer 8 if it has passed through 
the recorded area 51 than if it has passed through an 
area other than the recorded area 51 (a non-recorded 

35 area). In other words, in recording data into the second 
storage layer 8, the light beam 12 varies in intensity 
when it reaches the second storage layer 8 after passing 
through the first storage layer 1 0, depending on whether 
it has come through the recorded area 51 . In this case, 

40 to record data into the second storage Iayer8, a complex 
write system is required which can vary the light beam 
12 in intensity depending on whether there are any 
records stored in the first storage layer 10. 
[0076] The same description applies to the case 

45 where data is read from the second storage layer 8, and 
a similarly complex read system is required, because 
the return light reflected off the second storage layer 8 
changes in quantity depending on whether the light 
beam 12 has passed through the recorded area 51 of 

50 the first storage layer 10. 

[0077] Accordingly, in the optical-disk-read/write ap- 
paratus 31 of the present embodiment, as shown in Fig- 
ure 1 , data is read/written from/into the second storage 
layer 8 only after the recordable area 3 of the first stor- 

55 age layer 10 is fully recorded. In other words, to record 
data on the optical disk 1 , the optical-disk-read/write ap- 
paratus 31 first writes data in the first storage layer 10, 
and only after the recordable area 3 of the first storage 
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layer 10 is recorded to its full capacity, starts writing or 
reading data into/from the second storage layer 8. 
[0078] The operation ensures that in the read/write 
operation as to the second storage layer 8, the light 
beam 1 2 projected on the second storage layer 8 always 
passes through the fully recorded, first storage layer 1 0 
before entering the second storage layer 8. In both read 
and write operations, the light beam 12 has a constant 
intensity when it reaches the second storage layer 8, 
which eliminates the need to use a complex read/write 
system to control the intensity of the light beam 12. Sta- 
ble read/write operations are thus achieved. 
[0079] To carry out such operations, the signal 
processing and controlling unit 35 is provided with a 
write-start address producing circuit 81 and an illuminat- 
ing-unit-controlling circuit 82 as shown in Figure 8. The 
illuminating unit controlled by the illuminating-unit-con- 
trolling circuit 82 is inclusive of, for example, the optical 
system unit 34 and the slide driving unit. 
[0080] To write data on the optical disk 1, first, a re- 
cording status managing signal is reproduced from data 
recorded in a recording status managing area of the op- 
tical disk 1, and the signal is all recorded in the write- 
start address producing circuit 81 in the signal process- 
ing and controlling unit 35. The recording status man- 
aging area is provided at a particular position in the first 
storage layer 10. The recording status managing area 
may contain the title of the recorded material, as well as 
an address representing a recording range. 
[0081] Thereafter, the write-start address producing 
circuit 81 produces a write-start address for the optical 
disk 1, and the illuminating-unit-controlling circuit 82 
controls focus and tracking so as to move the light beam 
spot to the write-start address. This action triggers re- 
cording in the recordable area 3 of the first storage layer 
10. 

[0082] Thereafter, data is written to the first storage 
layer 10 to its full capacity, that is, until the last address 
of the first storage layer 10 is detected. If data is written 
to the second storage layer 8 without a break, the light 
beam 12 is concentrated on the second storage layer 8 
to similarly carry out recording in the recordable area 3 
of the second storage layer 8. 

[Embodiment 2] 

[0083] The following will describe another embodi- 
ment of the present invention in reference to Figures 
9-11. An optical disk 61 of the present embodiment is 
operational with the optical-disk-read/write apparatus 
31 which works as described in the foregoing. 
[0084] The optical disk 61 of the present embodiment 
has extended areas 62 in the innermost part 4a and the 
outermost part 5a of the recordable area 3a of the first 
storage layer 10 as shown in Figures 9, 10. Therefore, 
the innermost part 4a of the first storage layer 10 ex- 
tends further inwards in relation to the diameter of the 
optical disk 1 when compared to the innermost part 4b 



of the second storage layer 8. The outermost part 5a of 
the first storage layer 1 0 extends further outwards in re- 
lation to the diameter when compared to the outermost 
part 5b of the second storage layer 8. 

5 [0085] In other words, the recordable area 3a of the 
first storage layer 1 0 is greater than the recordable area 
3b of the second storage layer 8 by the extended areas 
62 in the innermost part 4a and in the outermost part 5a. 
Figure 9 is used to show the innermost parts 4a, 4b and 

10 the outermost parts 5a, 5b for convenience. 

[0086] No matter how large or small the extended ar- 
eas 62 are, their mere provision reduces the loss in in- 
tensity of a light beam projected to the recordable area 
3b of the second storage layer 8 as will be described 

15 later. To further and preferably reduce the loss in inten- 
sity of such a light beam, each extended area 62 should 
be specified enough wide (or long when measured 
along a diameter of the optical disk 1 ) that the light beam 

1 2 may not spill out of the recordable area 3a, inclusive 
20 of the extended area 62, of the first storage layer 10 re- 
gardless whether the light beam 12 is focused on the 
i nnermost part 4b or the outermost part 5b of the record- 
able area 3b of the second storage layer 8. 

[0087] Figure 11 shows an optical disk for comparison 
25 to explain the functions of the optical disk 61 . In the op- 
tical disk 63, the recordable area of the first storage layer 
1 0 is as large as that of the second storage layer 8. The 
innermost part 4 and the outermost part 5 in the first 
storage layer 10 are positioned directly above and oc- 
30 cupy the same area as their equivalents of the second 
storage layer 8. 

[0088] As shown in Figures 9, 1 1 , in both optical disks 
61 , 63, the first storage layer 1 0 and the second storage 
layer 8 each have a guiding groove 1 3, and the first stor- 
35 age layer 10 is fully recorded along the guiding groove 

1 3 up to either the innermost part 4a, 4 or the outermost 
part 5a, 5 of the recordable area 3a, 3. In the figures, 
the fully recorded status of the guiding groove 13 is 
shown by bold lines. In other words, in the readout/write 

40 on the optical disks 61, 63, the optical-disk-read/write 
apparatus 31, again, first writes data in the recordable 
area 3a, 3 of the first storage layer 1 0 to its full capacity 
before data is read/written in the recordable area 3b, 3 
of the second storage layer 8. 

45 [0089] In the arrangement, as to the optical disk 63 
equipped with recordable areas 3 with no extended area 
62 on the first storage layer 10, the light beam 12b pro- 
jected on the recordable area 3 of the second storage 
layer 8 somewhere midway in relation to the radius of 

50 the disk to read/write data in the second storage layer 
8 passes entirely through the recordable area (fully re- 
corded area) 3 where the first storage layer 10 exhibits 
a relatively high transmittance. 
[0090] By contrast, the light beam 12c, if projected 

55 close to the innermost part 4 or the outermost part 5 of 
the second storage layer 8, does not entirely passes 
through the recordable area (fully recorded area) 3 
where the first storage layer 1 0 exhibits a relatively high 
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transmittance, but partially passes through unrecorda- 
ble areas 64 other than the recordable area 3 where the 
first storage layer 1 0 exhibits a relatively lower transmit- 
tance. Accordingly, the light beam 12c is less intense 
than the light beam 12b. Therefore, in reading/writing 
data in the second storage layer 8, the light beam de- 
creases, i.e., varies, in intensity in the innermost part 4, 
the outermost part 5, and their neighborhoods of the re- 
cordable area 3 of the second storage layer 8, making 
it difficult to perform stable read/write operations across 
the entire recordable area 3 of the second storage layer 
8. 

[0091] By contrast, the optical disk 61 of the present 
embodiment is provided with recordable areas 3a with 
extended areas 62 on the first storage layer 10. Thus, 
the light beam projected on the recordable area 3b of 
the second storage layer 8 to read/write data in the sec- 
ond storage layer 8 illuminates passes through the re- 
cordable area (fully recorded area) 3a where the first 
storage layer 10 exhibits a relatively high transmittance 
not only when the light is directed on the second storage 
layer 8 somewhere midway in relation to the radius of 
the disk, but also when the light is directed on the inner- 
most part 4b or the outermost part 5b of the second stor- 
age layer 8. 

[0092] Thus, with the optical disk 61 of the present 
embodiment, the light beam projected on the recordable 
area 3b of the second storage layer 8 always becomes 
the light beam 12b which has passed through the re- 
cordable area (fully recorded) 3a where the first storage 
layer 10 exhibits a relatively high transmittance. The 
light beam does not vary in intensity whether data is 
read/written from/into any part of the recordable area 3b 
of the second storage layer 8. Stable read/write opera- 
tions are thus achieved. 

[0093] To perform read/write operation on the second 
storage layer 8, the light beam 12 projected on the first 
storage layer 10 has a radius not exceeding the thick- 
ness of the guiding-groove-formed intermediate layer 9. 
Therefore, the extended area 62 is sufficiently wide (or 
long when measured along a diameter of the optical 
disk) if it is as wide (or long) as the guiding-groove- 
formed intermediate layer 9 is thick. If the guiding groove 
13 on the first storage layer 10 is not concentric to the 
guiding groove 13 on the second storage layer 8, the 
extended area 62 should be designed as wide as the 
guiding-groove-formed intermediate layer 9 is thick, 
plus the deviation. 

[0094] Figure 9 is a schematic view, and the extended 
area 62 is shown as wide as the area covering two guid- 
ing grooves 13. However, in practice, the extended area 
62 is as wide as the area covering at least 60 guiding 
grooves 13, because the guiding grooves 13 have a 
pitch of about 0.3 microns and the guiding-groove- 
formed intermediate layer 9 has a thickness of about 20 
microns. 

[0095] In addition, the extended area 62 may be 
formed in only one of the innermost part 4a and the out- 



ermost part 5a of the first storage layer 10, in which case 
the extended area 62 is functional as described in the 
foregoing where it is formed. 

5 [Embodiment 3] 

[0096] The following will describe a further embodi- 
ment of the present invention in reference to Figures 
12-20. An optical disk 71 of the present embodiment is 

10 operational with the optical-disk-read/write apparatus 
31 which works as described in the foregoing. 
[0097] The optical disk 61 has an extended area 62 
in the innermost part 4a and the outermost part 5a of 
the recordable area 3a of the first storage layer 10. The 

15 optical disk 71 of the present embodiment has a fully 
prerecorded pseudo-recording area 72 in an area which 
is an equivalent of the extended area 62 as shown in 
Figures 12, 13. Therefore, on the optical disk 71 of the 
present embodiment, the recordable area 3 where ordi- 

20 nary information is recorded is as great on the first stor- 
age layer 10 as it is on the second storage layer 8. The 
pseudo-recording area 72 may be provided before the 
optical disk 71 is shipped out, for example. 
[0098] In the arrangement, to perform normal read/ 

25 write on the optical disk 71, similarly to the foregoing 
case, the optical-disk-read/write apparatus 31 first 
writes data in the first storage layer 10, and only after 
the recordable area 3 is recorded to its full capacity, 
starts writing or reading in recordable area 3 of the sec- 

30 ond storage layer 8, in which case, the pseudo-record- 
ing area 72 is already fully recorded. 
[0099] As mentioned in the foregoing, the optical disk 
71 of the present embodiment has a pseudo-recording 
area 72 inside the innermost part 4b and outside the out- 

35 ermost part 5b of the recordable area 3 of the first stor- 
age layer 10 in relation to the diameter of the disk 71 . 
Therefore, to perform read/write in the second storage 
layer 8, similarly to the case of the optical disk 61, the 
light beam projected on the recordable area 3 of the sec- 

40 ond storage layer 8 always becomes the light beam 1 2b 
having passed through a fully recorded area where the 
first storage layer 1 0 has a relatively high transmittance. 
The light beam does not vary in intensity whether data 
is read/written from/into any part of the recordable area 

45 3 of the second storage layer 8. Stable read/write oper- 
ations are thus achieved. 

[0100] Further, unlike the optical disk 61, the optical 
disk 71 has the recordable area 3 which is as large on 
the first storage layer 1 0 as on the second storage layer 

50 8, and the guiding grooves 1 3 on the recordable area 3 
may share a common format. As a result, the optical sys- 
tem unit 34 is controlled in terms of its position in per- 
forming read/write on the first storage layer 10 in the 
same manner as in performing read/write on the second 

55 storage layer 8. 

[0101] The pseudo-recording area 72 may be formed 
on the optical disk 61 with an extended area 62, by the 
optical-disk-read/write apparatus 31 recording data in 
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that extended area 62 to the full capacity. The optical 
disk 71 can be thus made from an optical disk 61. In 
such an arrangement, it is not necessary to fabricate an 
optical disk 71 by forming a pseudo-recording area 72 
on an optical disk 61 prior to shipment. The omission of 
the step allows for reduction of the cost of the optical 
disk 61 (71). 

[0102] The optical-disk-read/write apparatus 31 
forms a pseudo-recording area 72 by fully recording the 
extended area 62 prior to ordinary recording in the first 
storage layer 10, for example, when the optical disk 61 
is loaded into the optical-disk-read/write apparatus 31. 
In this case, the optical-disk-read/write apparatus 31 
first reads data from an extended area 62 of the loaded 
optical disk 61 , and if the extended area 62 is not fully 
recorded, records data in the area 62 to its full capacity. 
The process is controlled by the signal processing and 
controlling unit 35 of the optical-disk-read/write appara- 
tus 31. 

[0103] To implement such control, the signal process- 
ing and controlling unit 35 is provided with an extended- 
area-recording-status-checking circuit 83 and an illumi- 
nating-unit-controlling circuit 82 (detailed in the forego- 
ing) as shown in Figure 14. 

[0104] In the arrangement, as the optical disk 61 is 
loaded, the optical-disk-read/write apparatus 31 first 
reads data from its extended area. The extended-area- 
recording-status-checking circuit 83 checks based on a 
reproduction signal from the extended area 62 whether 
or not the extended area 62 is fully recorded. If the check 
turns out that the extended area 62 is not fully recorded, 
the extended-area-recording-status-checking circuit 83 
regards the loaded optical disk 61 as being never used, 
and supplies an extended-area-writing-instruction sig- 
nal to the illuminating-unit-controlling circuit 82 prior to 
the start of a recording action carried out on the first stor- 
age layer 10. Upon receiving that signal, the illuminat- 
ing-unit-controlling circuit 82 controls the illuminating 
unit so as to make the extended area 62 on the optical 
disk 61 fully recorded. 

[0105] Meanwhile, if the check turns out that the ex- 
tended area 62 is fully recorded, the extended-area-re- 
cording-status-checking circuit 83 regards the loaded 
optical disk 61 as being already used, and supplies a 
normal writing-instruction signal to the illuminating-unit- 
controlling circuit 82. Upon receiving that signal, the il- 
luminating-unit-controlling circuit 82 controls the illumi- 
nating unit so as to perform an ordinary recording action 
on the optical disk 61. 

[0106] The pseudo-recording area 72 may store ab- 
solutely nonsense or meaningless information. Alterna- 
tively, if the optical disk 61 is provided with the pseudo- 
recording area 72 before being shipped out, the pseudo- 
recording area 72 may contain a disk ID (identification 
information) or encryption code information (encryption 
information) which match that particular optical disk 61 , 
but not the other disks. 

[0107] If the pseudo-recording area 72 contains en- 



cryption code information, the optical-disk-read/write 
apparatus 31 may record information in the recordable 
area 3 of the optical disk 71 only after the apparatus 31 
encrypts the information based on the encryption code 

5 information. In this case, to record information on the 
optical disk 71, the optical-disk-read/write apparatus 31 
first reads the encryption code information of pseudo- 
recording area 72 and encrypts information to be record- 
ed, based on the encryption code information. In addi- 

10 tion, to reproduce information from an encrypted optical 
disk 71, the optical-disk-read/write apparatus 31 de- 
crypts information after readout from the recordable ar- 
ea 3. These processes are controlled by the signal 
processing and controlling unit 35. 

15 [0108] In this case, the optical-disk-read/write appa- 
ratus 31 cannot decrypt information which is read out 
from the optical disk 71 unless the apparatus 31 is 
equipped with a function to decrypt the encrypted infor- 
mation, which makes it possible to prevent the illegal 

20 copying and other uses of the optical disk 71 . 

[0109] As mentioned in the foregoing, to record infor- 
mation on the optical disk 71 after encrypting it based 
on the encryption code information in the pseudo-re- 
cording area 72, the signal processing and controlling 

25 unit 35 is provided with the encrypting circuit 84 and the 
illuminating-unit-controlling circuit 82 as shown in Fig- 
ure 15. 

[0110] In the arrangement, prior to taking a recording 
action on the optical disk 71 , the encryption code infor- 

30 mation is reproduced which is recorded in advance in 
the pseudo-recording area 72 of the optical disk 71 . The 
encrypting circuit 84 encrypts recording information 
based on the encryption code information and supplies 
the encrypted recording information to the illuminating- 

35 unit-controlling circuit 82. The illuminating-unit-control- 
ling circuit 82 controls the illuminating unit so that the 
recording information is recorded on the optical disk 71 . 
[0111] In addition, if the pseudo-recording area 72 
contains disk identification information, it is possible to 

40 prevent the illegal copying and other uses of the optical 
disk 71 by managing the disk identification information 
in the optical-disk-read/write apparatus 31 or in a server 
or the like connected to the optical-disk-read/write ap- 
paratus 31. The managing of the disk identification in- 

45 formation refers to the processing to count the times the 
optical disk 71 is used to limit the times the disk is used, 
for example. 

[0112] In addition, provided that the pseudo-recording 
area already contains disk identification information or 
50 encryption code information, designing the pseudo-re- 
cording area 72 as a read-only area prohibits rewriting 
these sets of information. This further appropriately pre- 
vents the illegal copying and other uses of the optical 
disk 71. 

55 [0113] In addition, as mentioned earlier, when the op- 
tical-disk-read/write apparatus 31 forms the pseudo-re- 
cording area 72 on the optical disk 61 to form the optical 
disk 71 from the optical disk 61, the optical-disk-read/ 
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write apparatus 31 may record, in the pseudo-recording 
area 72, the apparatus ID information which is unique 
to the optical-disk-read/write apparatus 31 or encryption 
code information which is unique to the optical-disk- 
read/write apparatus 31 . 

[0114] When the optical-disk-read/write apparatus 31 
records the apparatus ID information on the pseudo-re- 
cording area 72, the signal processing and controlling 
unit 35 in the optical-disk-read/write apparatus 31 is 
equipped with an identification-information-presence- 
checking circuit 85 and the illuminating-unit-controlling 
circuit 82 as shown in Figure 16. 
[0115] In the arrangement, as the optical disk 61 is 
loaded, the optical-disk-read/write apparatus 31 first 
reads the extended area. The identification-information- 
presence-checking circuit 85 checks based on a repro- 
duction signal from the extended area 62 whether the 
apparatus ID information is present in the extended area 
62. If the check turns out that the extended area 62 con- 
tains no apparatus ID information, the identification-in- 
formation-presence-checking circuit 85 regards the 
loaded optical disk 61 as being as being never used, 
and supplies an identification-information-writing-in- 
structing signal to the illuminating-unit-controlling circuit 
82 prior to the start of a recording action on the first stor- 
age layer 10. Upon receiving that signal, the illuminat- 
ing-unit-controlling circuit 82 controls the illuminating 
unit so as to record the apparatus ID information in the 
extended area 62 of the optical disk 61 . The apparatus 
ID information is contained in the signal processing and 
controlling unit (identification information storing 
means) 35. 

[0116] Meanwhile, if the check turns out that the ex- 
tended area 62 holds apparatus ID information, the 
identification-information-presence-checking circuit 85 
regards the loaded optical disk 61 as being already 
used, and supplies a normal read/write-instructing sig- 
nal to the illuminating-unit-controlling circuit 82. Upon 
receiving that signal, the illuminating-unit-controlling cir- 
cuit 82 controls the illuminating unit so as to perform an 
ordinary read/write action on the optical disk 61 . 
[0117] In addition, to record encryption code informa- 
tion in the pseudo-recording area 72 using the optical- 
disk-read/write apparatus 31 , the signal processing and 
controlling unit 35 in the optical-disk-read/write appara- 
tus 31 is equipped with an encryption-information-pres- 
ence-checking circuit 86 and the illuminating-unit-con- 
trolling circuit 82 as shown in Figure 17. 
[0118] In the arrangement, as the optical disk 61 is 
loaded, the optical-disk-read/write apparatus 31 first 
reads the extended area 62. The encryption-informa- 
tion-presence-checking circuit 86 checks based on a re- 
production signal from the extended area 62 whether 
the encryption code information (encryption informa- 
tion) is present in the extended area 62. If the check 
turns out that the extended area 62 contains no encryp- 
tion code information, the encryption-information-pres- 
ence-checking circuit 86 regards the loaded optical disk 



61 as being never used, and supplies an encryption-in- 
formation-reading signal to the illuminating-unit-control- 
ling circuit 82 prior to the start of a recording action on 
the first storage layer 10. Upon receiving the signal, the 

5 illuminating-unit-controlling circuit 82 controls the illumi- 
nating unit to record encryption code information in the 
extended area 62 of the optical disk 61 . The encryption 
code information is contained in the signal processing 
and controlling unit (encryption information storing 

10 means) 35. 

[0119] Meanwhile, if the check turns out that the ex- 
tended area 62 holds encryption code information, the 
encryption-information-presence-checking circuit 86 re- 
gards the loaded optical disk 61 as being already used, 

15 and supplies an ordinary read/write-instructing signal to 
the illuminating-unit-controlling circuit 82. Upon receiv- 
ing the signal, the illuminating-unit-controlling circuit 82 
controls the illuminating unit so as to perform an ordinary 
read/write action on the optical disk 61 . 

20 [0120] In addition, as mentioned earlier, when the op- 
tical-disk-read/write apparatus 31 records apparatus ID 
information or encryption code information in the pseu- 
do-recording area 72 (extended area 62), an arrange- 
ment may be made so that only the optical-disk-read/ 

25 write apparatus 31 which did that recording can repro- 
duce information from the recordable area 3 of the op- 
tical disk 71 (61). 

[0121] Processing in this case is done as below, for 
example. Supposing that the pseudo-recording area 72 
30 of the optical disk 71 holds apparatus ID information, to 
read the optical disk 71, the optical-disk-read/write ap- 
paratus 31 first reproduce the apparatus ID information 
from the pseudo-recording area 72 of the optical disk 
71, and then reads data from the optical disk 71 only 
35 when the apparatus ID information readout matches the 
apparatus ID information of the optical-disk-read/write 
apparatus 31 as a result of checking. 
[0122] To realize these actions, the signal processing 
and controlling unit 35 is equipped with an identification- 
40 information-match-checking circuit 87 and the illuminat- 
ing-unit-controlling circuit 82 as shown in Figure 18. 
[0123] In the arrangement, as the optical disk 71 is 
loaded, the optical-disk-read/write apparatus 31 first 
reads the pseudo-recording area 72. The identification- 
's information-match-checking circuit 87 compares the ap- 
paratus ID information obtained from the reproduction 
signal read out from the pseudo-recording area 72 with 
the apparatus ID information assigned to the optical- 
disk-read/write apparatus 31 to check whether the two 
50 sets of apparatus ID information match. If the check 
turns out that the two sets of apparatus ID information 
match each other, a read/write-instructing signal is sup- 
plied to the illuminating-unit-controlling circuit 82. Upon 
receiving the signal, the illuminating-unit-controlling cir- 
55 cuit 82 controls the illuminating unit so as to perform a 
read/write action on the optical disk 71 . 
[0124] Meanwhile, if the two sets of apparatus ID in- 
formation does not match each other, the identification- 
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information-match-checking circuit 87 supplies an iden- 
tification-information-match-display signal representing 
the situation to the illuminating-unit-controlling circuit 
82. Upon receiving that signal, the illuminating-unit-con- 
trolling circuit 82 causes a display unit (not shown) to 
display a notice to that situation, for example. In this 
case, no data is read nor written on the optical disk 71 . 
[0125] In addition, if the recordable area 3 of the op- 
tical disk 71 holds information which is encrypted based 
on encryption code information, to read the optical disk 
71, the optical-disk-read/write apparatus 31 decrypts 
the information read out from the recordable area 3 
based on the encryption code information of the optical- 
disk-read/write apparatus 31. The decryption is done, 
as shown in Figure 19, in a decrypting circuit 88 in the 
signal processing and controlling unit 35. In these cir- 
cumstances, the information read out from the recorda- 
ble area 3 can be decrypted only when the encryption 
code information used with the optical disk 71 matches 
the encryption code information provided to the optical- 
disk-read/write apparatus 31 . The arrangement enables 
prevention of copying, legal or illegal, of the optical disk 
71. 

[0126] In addition, the extended area 62 of the optical 
disk 61 can be used as a test write area as follows. 
[0127] For example, the most suitable light beam in- 
tensity to write data on the optical disk 61, that is the 
most suitable writing power, varies depending on chang- 
es in various factors including ambient temperature. 
Therefore, the optical-disk-read/write apparatus 31 usu- 
ally test writes data on the optical disk to calculate the 
most suitable writing power. Accordingly, on the optical 
disk 61, the extended area 62 is at least partly used as 
a test write area. The arrangement eliminates the need 
to separately provide a test write area on the optical disk 
61 and enables efficient use of the recordable area 3 of 
the optical disk 61. 

[0128] To implement these actions, the signal 
processing and controlling unit 35 is provided with a test- 
write-controlling circuit 89, a writing-power-checking cir- 
cuit 90, and the illuminating-unit-controlling circuit 82 as 
shown in Figure 20. 

[0129] In the arrangement, to write data on the optical 
disk 61 , a test-write-recording instruction is given to the 
test-write-controlling circuit 89 prior to writing in the first 
storage layer 10. Thus, the extended area 62 of the op- 
tical disk 61 is test written (recorded as test write). The 
test write is done with the writing power varied by little 
amounts. 

[0130] Next, the data recorded in the test write is re- 
produced, and the reproduction signal is supplied to the 
writing-power-checking circuit 90. The writing-power- 
checking circuit 90 determines the most suitable writing 
power to record data on the optical disk 61 based on the 
reproduction signal. Thereafter, the information repre- 
sentative of the most suitable writing power is supplied 
to the illuminating-unit-controlling circuit 82 which con- 
trols the illuminating unit so that data is written on the 



optical disk 61 using the most suitable writing power. 
The arrangement always enables recording under the 
most suitable conditions regardless of changes in vari- 
ous factors including ambient temperature and resultant 
5 changes in the recording sensitivity of the optical disk 
61. 

[0131] Throughout the embodiments above, it was 
supposed that the optical disks are all high-to-low phase 
change types of storage media whose interval areas 

10 have higher reflectance, i.e., lower transmittance, than 
the recording mark areas. The foregoing arrangements 
are however applicable to those optical disks that may 
be low-to-high phase change types of storage media 
whose interval areas have lower reflectance, i.e., higher 

15 transmittance, than the recording mark areas. 

[Embodiment 4] 

[0132] The following will describe another embodi- 
20 ment of the present invention in reference to Figures 
21-25. 

[0133] As shown in Figure 23, an optical disk (optical 
storage medium) 101 of the present embodiment has a 
center hole 1 02 at its center and a recordable area 1 03 

25 outside the center hole 1 02 in relation to a diameter. The 
innermost part and the outermost part of the recordable 
area 103 are shown by broken lines. The optical disk 
101 employs a lumped address scheme: an address ar- 
ea 104 is provided occupying a predetermined angular 

30 part of the recordable area 103, and address information 
is represented by radially arranged address pit rows in 
the address area 1 04. In a non-address area 1 05, which 
is the part of the recordable area 1 03 other than the ad- 
dress area 104, there is provided a spiraling read/write 

35 guiding groove along which information can be read/ 
written. 

[0134] Like the optical disk 1, the optical disk 101 is 

arranged as shown in Figure 3 and Figure 4. 

[0135] Figure 21 shows an enlarged view of a part of 

40 the optical disk 101, where an address area 104 and 
non-address areas 105 adjacent to the address area 
104 are depicted. Each non-address area 105 stores re- 
cording marks 111 formed by projection of a light beam 
1 2 along the spiraling guiding groove 1 3. The recording 

45 mark 111 differs from surrounding portions in optical 
transmittance. 

[0136] In the address area 104, address tracks 113 
made of address pits 112 are provided to extend from 
the guiding grooves 13 in the non-address areas 105. 

50 The address area 104 includes recorded areas where 
transmittance has changed and non-recorded areas 
where transmittance has not changed. Concretely, the 
(continuous) address area 1 04 where transmittance has 
changed is formed by continuously recording alternate 

55 address tracks 113 in relation to a diameter of the optical 
disk 101 by continuously projecting a light beam 12. In 
other words, one of two address tracks 113 in the ad- 
dress area 104 which are adjacent in the relation to a 
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diameter of the optical disk 101 is continuously record- 
ed, whereas the other is unrecorded. 
[0137] The optical-disk-read/write apparatus (optical 
read/write apparatus) for reading/writing the optical disk 
101 was already described in reference to Figure 5, as 
with the optical disk 1. 

[0138] For the optical-disk-read/write apparatus 31 to 
read/write data on the optical disk 101 , the first storage 
layer 10 is read/written as shown in Figure 22 by focus- 
ing and projecting the light beam 1 2 onto the first storage 
layer 1 0 while tracking the guiding groove 1 3 on the first 
storage layer 10 and controlling the light beam intensity. 
In addition, the second storage layer 8 is read/written 
by focusing and projecting the light beam 12 onto the 
second storage layer 8 while tracking the guiding groove 
13 on the second storage layer 8 and controls the light 
beam intensity. 

[0139] In this situation, it is supposed that the optical 
disk 101 is, for example, a high-to-low phase change 
type of storage medium in which in the first storage layer 
10 and the second storage layer 8, interval areas be- 
tween the recording marks 111 have a higher reflect- 
ance, i.e., lower transmittance, than the recording marks 
111. 

[0140] In this case, in the non-address area 105 on 
the first storage layer 10, the recording marks 111 have 
a higher transmittance. Therefore, referring to Figure 
22, the light beam 12e projected onto the second stor- 
age layer 8 after passing trough a portion of the first stor- 
age layer 10 where the recording marks 111 are present 
has a greater intensity than the light beam projected on- 
to the second storage layer 8 without passing through 
that portion where the recording marks 111 are present. 
Likewise, since the address area 1 04 on the first storage 
layer 10 has continuous storage areas 114, the light 
beam 1 2f projected onto the second storage layer 8 after 
passing through the address area 104 has a greater in- 
tensity than the light beam projected onto the second 
storage layer 8 after passing through the address area 
in the case where there are no continuous storage areas 
114. Therefore, as to the optical disk 101, the intensity 
of the light beam 1 2f projected onto the second storage 
layer 8 after passing through an address area 104 on 
the first storage layer 10 can be made closer to the in- 
tensity of the light beam 1 2e projected onto the second 
storage layer 8 after passing through the non-address 
area 105 on the first storage layer 10. 
[0141] As a result, as to the optical disk 101 employing 
a lumped address scheme, the light beam intensity on 
the second storage layer 8 can be retained at a substan- 
tially constant value regardless of whether the light is 
the light beam 1 2e passing through the non-address ar- 
ea 105 on the first storage layer 10 or the light beam 12f 
passing through the address area 104 on the first stor- 
age layer 10, enabling stable and desirable read/write 
on the second storage layer 8. 

[0142] Besides, on the optical disk 101 of the present 
embodiment, a continuous storage area 1 14 appears on 



alternate address tracks 1 1 3 in relation to a diameter of 
the optical disk 101 . Therefore, when the light beam 12 
is focused on the second storage layer 8 as shown in 
Figure 22, in the case where a beam spot 115 formed 

5 by the light beam 12 forms on the first storage layer 10 
as shown in Figure 21 , the sum of the areas of the re- 
cording marks 1 1 1 included in the area of the beam spot 
1 15 in the non-address area 105 on the first storage lay- 
er 1 0 is substantially equal to the sum of the continuous 

10 storage areas 114 included in the area of the beam spot 
115 in the address area 104. Thus, the intensity of the 
light beam 12f projected onto the second storage layer 
8 after passing through an address area 1 04 on the first 
storage layer 1 0 can be made substantially equal to the 

15 intensity of the light beam 1 2e projected onto the second 
storage layer 8 after passing through the non-address 
area 105 on the first storage layer 10. 
[0143] In Figure 21, ten address pits 112 are shown 
forming an address track 113. However, Figure 21 is on- 

20 |y a schematic figure, and in practice, an address track 
1 1 3 is made up of 1 000 or more address pits 1 1 2 of var- 
ious lengths. 

[01 44] The continuous storage area 1 1 4 on the optical 
disk 101 may be formed prior to the shipment of the op- 

25 tical disk 1 01 or by the optical-disk-read/write apparatus 
31 based on reproduced address information when the 
optical disk 101 is loaded in the optical-disk-read/write 
apparatus 31. In the arrangement, the optical disk 101 
does not need any particular arrangement that enables 

30 the determination whether to form a continuous storage 
area 114 in the address track 113. 
[0145] To implement the actions, the signal process- 
ing and controlling unit 35 in the optical-disk-read/write 
apparatus 31 has a recorded/unrecorded switching cir- 

35 cuit 121 and an illuminating-unit-controlling circuit 122 
as shown in Figure 24. The illuminating unit controlled 
by the illuminating-unit-controlling circuit 122 is inclu- 
sive of an optical system unit 34 and a slide driving unit. 
[0146] In the arrangement, the signal processing and 

40 controlling unit 35 feeds a rotation synchronized signal 
produced in synchronism with the rotation of the optical 
disk 101 to the recorded/unrecorded switching circuit 
121. The recorded/unrecorded switching circuit 121 
checks based on the rotation synchronized signal for 

45 every turn of the optical disk 101 whether to make the 
address track 113 a continuous storage area 114, that 
is, whether to continuously recorded the address track 
113. Here, as mentioned earlier, the check is done so 
that alternate address tracks 113 are continuous stor- 

50 age areas 114. 

[01 47] If the address track 1 1 3 is caused to be a con- 
tinuous storage area 114, the recorded/unrecorded 
switching circuit 121 feeds an address-track-continu- 
ous-recording-instructing signal to the illuminating-unit- 

55 controlling circuit 122. Upon receiving the signal, the il- 
luminating-unit-controlling circuit 122 controls the illumi- 
nating unit and continuously record the address track 
113. 
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[0148] Meanwhile, if the address track is caused to be 
unrecorded, the recorded/unrecorded switching circuit 
121 feeds an address-track-normal-reading-instructing 
signal to the illuminating-unit-controlling circuit 122. Up- 
on receiving the signal, the illuminating-unit-controlling 
circuit 1 22 controls the illuminating unit so as to read the 
address track 1 1 3 at a laser intensity which is incapable 
of recording data. In this case, address information is 
reproduced. 

[0149] In addition, to implement the actions, the signal 
processing and controlling unit 35 in the optical-disk- 
read/write apparatus 31 may include an arrangement 
shown in Figure 25 which differs from the arrangement 
in Figure 24. In that arrangement, the signal processing 
and controlling unit 35 has a subsequent-address-track- 
recorded/unrecorded checking circuit 123 and the illu- 
minating-unit-controlling circuit 122. 
[0150] In this arrangement, the subsequent-address- 
track-recorded/unrecorded checking circuit 123 deter- 
mines based on the address information obtained from 
the address area 1 04 whether to make the address track 
113 a continuous storage area 114. In other words, as 
mentioned in the foregoing, in the case where alternate 
address tracks 113 are designated as continuous stor- 
age areas 114, regardless whether to make the currently 
scanned address track 113 a continuous storage area 
114, that address track 113 is read first of all, and it is 
determined based on the obtained address information 
whether to make a subsequent address track 113a con- 
tinuous storage area 114. 

[0151] In the arrangement, in the signal processing 
and controlling unit 35, the illuminating-unit-controlling 
circuit 1 22 controls the illuminating unit so as to first read 
that address track 1 1 3 with which the process is started 
and obtain an address information reproduction signal 
of the address track 113. The address information re- 
production signal is fed to the subsequent-address- 
track-recorded/unrecorded checking circuit 123. 
[0152] Upon receiving the address information repro- 
duction signal, the subsequent-address-track-recorded/ 
unrecorded checking circuit 123 based on that signal 
determines whether to make a subsequent address 
track a continuous storage area 114. 
[0153] If the subsequent address track 113 is to be 
continuously recorded, the subsequent-address-track- 
recorded/unrecorded checking circuit 123 transmits a 
subsequent-address-track-continuous-recording-in- 
structing signal to the illuminating-unit-controlling circuit 
122. Upon receiving the signal, the illuminating-unit- 
controlling circuit 1 22 controls the illuminating unit so as 
to make the subsequent address track 113a continuous 
storage area 114. 

[0154] Meanwhile, if the subsequent address track 
1 1 3 is to be unrecorded, the subsequent-address-track- 
recorded/unrecorded checking circuit 123 feeds a sub- 
sequent address-track-normal-reading-instructing sig- 
nal to the illuminating-unit-controlling circuit 122. Upon 
receiving the signal, the illuminating-unit-controlling cir- 



cuit 122 controls the illuminating unit so as to read the 
address track 1 1 3 at a laser intensity which is incapable 
of recording data. 

[0155] In the arrangement in Figure 24, if the process 
5 of forming a continuous storage area 114 in the address 
area 104 is suspended before completion and resumed 
again thereafter, it is unknown whether the last address 
track 113 processed before the suspension is now a 
continuous storage area 1 14 or not. Therefore, adjacent 
address tracks 113 are possibly both continuous stor- 
age areas 114. In contrast, such situations are prevent- 
ed from happing in the arrangement in Figure 25, the 
address information is being always checked to deter- 
mine whether to make the subsequent address track 

113 continuously recorded or unrecorded at all. 

[Embodiment 5] 

[0156] The following will describe another embodi- 
ment of the present invention in reference to Figure 26 
and Figure 27. 

[0157] An optical disk 131 of the present embodiment 
has a judgement mark area 1 32 between a non-address 
area 1 05 and the head of an address area 1 04 as shown 
in Figure 26 which is an enlarged view around the head 
of the address area 104. 

[0158] In the judgement mark area 132 there are 
formed judgement pits (judgement marks) 133, 134 by 
which it is determined whether the address track 113 in 
the address area 1 04 is made a continuous storage area 

114 or not. The judgement pits 133, 134 are located be- 
tween the guiding groove 13 in a non-address area 105 
and its succeeding address track 113 in the address ar- 
ea 104. 

[01 59] The judgement pits 1 33 show that the address 
tracks 1 1 3 are not to be made continuous storage areas 
114 and are positioned in the judgement mark area 1 32 
near the non-address area 105. Meanwhile, the judge- 
ment pits 134 show that the address tracks 113 are to 
be made continuous storage areas 114 and are posi- 
tioned in the judgement mark area 1 32 near the address 
area 104. Thejudgement pits 133 exist at positions shift- 
ed along the tracks when compared to the judgement 
pits 1 34. In the present embodiment, as mentioned ear- 
lier, alternate address tracks 113 are made continuous 
storage area 114; therefore, thejudgement pits 133, 134 
appear alternately along a diameter of the optical disk 
131. 

[0160] To appropriately make the address tracks 113 
in the address area 104 continuous storage areas 114 
using thejudgement pits 1 33, 1 34, the signal processing 
and controlling unit 35 in the optical-disk-read/write ap- 
paratus 31 is provided with a recorded/unrecorded- 
checking circuit 124 and the illuminating-unit-controlling 
circuit 122 as shown in Figure 27. 
[0161] In the arrangement, upon detecting a judge- 
ment mark reproduction signal which is a signal repro- 
duced from the judgement pits 133, 134, the signal 
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processing and controlling unit 35 feeds that signal to 
the recorded/unrecorded-checking circuit 124. Based 
on the judgement mark reproduction signal, the record- 
ed/unrecorded-checking circuit 124 determines wheth- 
er or not the address tracks 113 associated with the 
judgement pits 1 33, 1 34 are to be made continuous stor- 
age areas 114. 

[0162] To make an address track 113 a continuous 
storage area 114, the recorded/unrecorded-checking 
circuit 124 feeds an address-track-continuous-record- 
ing-instructing signal to the illuminating-unit-controlling 
circuit 122. Upon receiving the signal, the illuminating- 
unit-controlling circuit 122 controls the illuminating unit 
so as to make the associated address track 113 a con- 
tinuous storage area 114. 

[0163] Meanwhile, to not make an address track 113 
a continuous storage area 114 (to make the address 
track 13 unrecorded), the recorded/unrecorded-check- 
ing circuit 124 fees an address-track-normal-reading-in- 
structing signal to the illuminating-unit-controlling circuit 
122. Upon receiving the signal, the illuminating-unit- 
controlling circuit 1 22 controls the illuminating unit so as 
to read the address track 1 1 3 at a laser intensity which 
is incapable of recording data. 

[0164] As mentioned in the foregoing, as to the optical 
disk 131 of the present embodiment, it can be immedi- 
ately determined owning to the judgement pits 1 33, 1 34 
in the judgement mark area 132 whether to make an 
address track 1 1 3 in the address area 1 04 a continuous 
storage area 114. Therefore, the processing velocity of 
the optical-disk-read/write apparatus 31 can be in- 
creased without reading the address track 1 1 3 in the ad- 
dress area 104, i.e., address information. 

[Embodiment 6] 

[0165] The following will describe another embodi- 
ment of the present invention in reference to Figures 
28-31. 

[0166] As shown in Figure 28, an optical disk 141 of 
the present embodiment is readable/writeable on both 
a groove 142 and a land 143 which are formed alter- 
nately as viewed along a diameter of the optical disk 141 
in the non-address area 105. The groove 142 and land 

143 are spiral and recording marks 111 are formed on 
the groove 142 and land 143 by projection of a light 
beam 12. 

[0167] The address area 104 is made up of a first ad- 
dress area 144 and a second address area 145 which 
are adjacent to each other along tracks. In the first ad- 
dress area 144 constituting a head part of the address 
area 104, there are formed first address pits 146 along 
imaginary lines extending from the groove 142. In the 
second address area 145 constituting the tail part of the 
address area 1 04, there are formed second address pits 
147 along imaginary lines extending from the land 143. 
Relatively shifting the positions of the first address area 

144 and the second address area 145 along the tracks 



so that they do not overlap in a direction normal to the 
tracks eliminates crosstalk in signals reproduced from 
the first and second address pits 1 46, 1 47. The positions 
of the first address area 144 and the second address 

5 area 145 may be reversed. 

[0168] In addition, some of the address tracks 113 in 
the address area 104 extend from the groove 142, while 
the others extend from the land 143. In the present em- 
bodiment, those address track 113 extending from the 

10 groove 142 are made continuous storage areas 114. In 
addition, the address track 1 1 3 is formed in both the first 
address area 144 and the second address area 145. 
Those address tracks 113 extending from the groove 
142 have the first address pits 146 in the first address 

15 area 144, and those extending from the land 143 have 
the second address pits 147 in the second address area 
145. 

[0169] As mentioned in the foregoing, as to an optical 
disk 141 of the present embodiment, continuous storage 

20 areas 114 are formed in those address tracks 113 ex- 
tending from the groove 142, that is, in the first address 
area 144 and the second address area 145 of the ad- 
dress track 113. Therefore, like the foregoing optical 
disks 101, 131, to read/write the second storage layer 

25 8, the sum of the areas of the recording marks 111 in- 
cluded in the area of the beam spot 115 in the non-ad- 
dress area 105 on the first storage layer 10 is substan- 
tially equal to the sum of the continuous storage areas 
114 included in the area of the beam spot 115 in the 

30 address area 104. 

[0170] Thus, the intensity of the light beam 12f pro- 
jected onto the second storage layer 8 after passing 
through an address area 104 on the first storage layer 
10 can be made substantially equal to the intensity of 

35 the light beam 12e projected onto the second storage 
layer 8 after passing through the non-address area 105 
on the first storage layer 1 0. As a result, as to the optical 
disk 141 employing a lumped address scheme, the light 
beam intensity on the second storage layer 8 can be 

40 retained at a substantially constant value regardless of 
whether the light is the light beam 12e passing through 
the non-address area 105 on the first storage layer 10 
or the light beam 12f passing through the address area 
104 on the first storage layer 10, enabling stable and 

45 desirable read/write on the second storage layer 8. 
[0171] In the present embodiment, the continuous 
storage area 114 is supposed to be formed in those ad- 
dress tracks 1 1 3 which extend from the groove 142. The 
present embodiment is not limited by this: the continu- 

50 ous storage area 114 may be formed in those address 
tracks 113 which extend from the land 143. 
[0172] In addition, as in previous cases, the continu- 
ous storage area 114 may be formed prior to the ship- 
ment of the optical disk 141 or by using the optical-disk- 

55 read/write apparatus 31 after shipment. If the optical- 
disk-read/write apparatus 31 is used to from an contin- 
uous storage area 114, the aforementioned methods 
are all applicable. 
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[0173] Further, to form a continuous storage area 114, 
the signal processing and controlling unit 35 may have 
a land/groove determining circuit 125 and the illuminat- 
ing-unit-controlling circuit 122 as shown in Figure 29. In 
this arrangement, for example, it is determined whether 
the track currently being scanned is the groove 142 or 
the land 143, and those address tracks 113 which ex- 
tend from either the groove 142 or the land 143 in the 
address area 104 are made continuous storage areas 
114 according to a result of the determination. 
[0174] In the arrangement, the land/groove determin- 
ing circuit 125 determines whether the track currently 
being scanned is the groove 142 or the land 143 from a 
tracking servo signal or an address information repro- 
duction signal. If the determination turns out that it is the 
groove 142, the land/groove determining circuit 125 
feeds an address-track-continuous-recording-instruct- 
ing signal to the illuminating-unit-controlling circuit 122 
to make an address track 113a continuous storage area 
114. Upon receiving the signal, the illuminating-unit- 
controlling circuit 1 22 controls the illuminating unit so as 
to make an address track 113 which extends from the 
groove 142 a continuous storage area 114. 
[0175] Meanwhile, if the determination turns out that 
it is the land 143, the recorded/unrecorded-checking cir- 
cuit 124 feeds an address-track-normal-reading-in- 
structing signal to the illuminating-unit-controlling circuit 
122. Upon receiving the signal, the illuminating-unit- 
controlling circuit 1 22 controls the illuminating unit so as 
to read the address track 113 at a laser intensity which 
is incapable of recording data. 

[0176] In addition, as to the optical disk 141 , as shown 
in Figure 30, the continuous storage area 114 may be 
formed in the second address area 145 in those address 
tracks 1 1 3 which extend from the groove 1 42, in the first 
address area 144 in those address tracks 113 which ex- 
tend from the land 143, and in each address track 113. 
The first address area 144 and the second address area 
145 may be reversed in position. Further, the continuous 
storage area 114 may be formed only at places where 
the first address pit 146 and the second address pit 147 
are provided, conversely to the formation places in Fig- 
ure 30. 

[0177] In the arrangement, like the foregoing cases, 
the intensity of the light beam 1 2f projected onto the sec- 
ond storage layer 8 after passing through an address 
area 1 04 on the first storage layer 1 0 can be made sub- 
stantially equal to the intensity of the light beam 1 2e pro- 
jected onto the second storage layer 8 after passing 
through the non-address area 105 on the first storage 
layer 10. As a result, as to an arrangement employing 
a lumped address scheme, the light beam intensity on 
the second storage layer 8 can be retained at a substan- 
tially constant value, enabling stable and desirable read/ 
write on the second storage layer 8. 
[0178] Likewise, the continuous storage area 114 
may be formed in advance, before the optical disk 141 
is shipped or by using the optical-disk-read/write appa- 



ratus 31 when the optical disk 141 is loaded into the op- 
tical-disk-read/write apparatus 31 . The aforementioned 
methods are all applicable in these cases. For example, 
the continuous storage area 114 may be formed based 
5 on reproduced address information or whether the track 
being scanned is the groove 142 or the land 143. 
[0179] To implement the actions, the signal process- 
ing and controlling unit 35 in the optical-disk-read/write 
apparatus 31 is equipped with, for example, an address- 
information-presence-checking circuit 126 and the illu- 
minating-unit-controlling circuit 122 as shown in Figure 
31. 

[0180] In the arrangement, the signal processing and 
controlling unit 35 feeds an address information signal 
reproduced from the address area 104 to the address- 
information-presence-checking circuit 126 where the 
address-information-presence-checking circuit 126 de- 
termines whether the input signal is carrying address in- 
formation. 

[0181] If the determination turns out that no address 
information is present, the address-information-pres- 
ence-checking circuit 126 feeds an address-track-con- 
tinuous-recording-instructing signal to the illuminating- 
unit-controlling circuit 122 to make an area where ad- 
dress information is missing for the address track 113, 
that is, an area of the first address area 144 or the sec- 
ond address area 145, a continuous storage area 114. 
Upon receiving that signal, the illuminating-unit-control- 
ling circuit 122 controls the illuminating unit so as to form 
a continuous storage area 114 in an area where there 
is no address information for the address track 113. 
[0182] Meanwhile, if address information is present, 
the address-information-presence-checking circuit 126 
controls the illuminating unit and reads the address track 
113 at a laser intensity which is incapable of recording 
data, so that no continuous storage area 114 is formed 
in an area where address information is present for the 
address track 113. 

[0183] In this and foregoing embodiments, if the opti- 
cal-disk-read/write apparatus 31 is used to form the con- 
tinuous storage area 114 on an optical disk, the cost of 
the optical disk can be reduced by reducing the manu- 
facturing steps of the optical disk. 
[0184] In addition, in this and foregoing embodiments, 
the optical disks were supposed to be high-to-low phase 
change types of storage media such that the interval ar- 
eas between recording marks 111 exhibit a higher re- 
flectance, i.e., a lower transmittance, than the recording 
mark 111 in the first storage layer 10 and the second 
storage layer 8. The foregoing arrangements are appli- 
cable even when the optical disks are low-to-high phase 
change types of storage media such that the interval ar- 
eas exhibit a lower reflectance, i.e., a higher transmit- 
tance, than the recording marks 111. 

[Embodiment 7] 

[0185] The following will describe an embodiment of 
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the present invention in reference to Figure 62 and Fig- 
ure 63. 

[0186] Referring to Figure 63, an optical disk (optical 
storage medium) 201 of the present embodiment has a 
center hole 202 at its center and a recordable area 203 5 
outside the center hole 202 in relation to a diameter. As 
shown in Figure 35 and Figure 36, in the recordable area 
203, a spiral (or concentric) read/write guiding groove 
G is formed in a guiding-groove-and-pits-formed layer 
21 2 and a guiding-groove-and-pits-formed intermediate 10 
layer 214 along which information can be read/written. 
In addition, an innermost part 204 is formed around the 
center hole 202 and an outermost part 205 is formed 
near the circumference of the optical disk 201 . 
[0187] The optical disk 201 has prepit areas 206 15 
made up of an inner prepit area 206a and an outer prepit 
area 206b. The inner prepit area 206a is provided adja- 
cently outside the innermost part 204, and the outer pre- 
pit area 206b is provided adjacently inside the outermost 
part 205. As shown in Figure 37, in the prepit area 206, 20 
pits P are arranged forming a spiral (or concentric cir- 
cles) in the guiding-groove-and-pits-formed layer 212 
and the guiding-groove-and-pits-formed intermediate 
layer 214. Prepit information is read from the pit row of 
the pits P. In the pit row, typically, the writing power, read- 25 
ing power, and other kinds of information on the optical 
disk 201 is prerecorded in the concave or convex form 
(not shown) of the pits P. 

[0188] As shown in Figure 34 which is a vertical cross- 
sectional view of the optical disk 201, the optical disk 30 
201 is structured from the guiding-groove-and-pits- 
formed layer 21 2, a second storage layer (last data stor- 
age layer) 213, the guiding-groove-and-pits-formed in- 
termediate layer 214, a first storage layer (light-striking- 
side storage layer) 21 5, and a surface-coating Iayer21 6, 35 
with the layers sequentially stacked on a disk substrate 
21 1 . To read/write the first storage layer 21 5 and the sec- 
ond storage layer 213 on the optical disk 201, a light 
beam 217 projected from one side of the disk, i.e., the 
side on which the surface-coating layer 216 exists, is 40 
concentrated on the first and second storage layers 21 5, 
213. 

[0189] Figure 35 shows the arrangement of the optical 
disk 201 in more detail. In Figure 35, the disk substrate 
21 1 is made of, for example, a 1 .2-mm thick, transparent 45 
polycarbonate substrate. The guiding-groove-and-pits- 
formed layer 212 is made of, for example, a 20-micron 
thick, ultraviolet-ray-setting resin layer and formed, for 
example, by a pattern transfer technology termed 2P 
method. On one of the surfaces of the guiding-groove- 50 
and-pits-formed layer 21 2 which is closer to the second 
storage layer 213, the guiding groove G is provided in 
the recordable area 203 and the pits P (not shown in 
Figure 35) are provided in the prepit area 206. 
[0190] The second storage layer 21 3 includes, for ex- 55 
ample, an AITi-alloy reflective film 21 3a, a ZnS-Si0 2 in- 
terference film 21 3b, a SiN protective film 21 3c, a GeS- 
bTe phase change recording layer 213d, a SiN protec- 



tive film 21 3e, and a ZnS-Si0 2 interference film 21 3f. 
These films are formed as they are sequentially depos- 
ited on the guiding-groove-and-pits-formed layer 212 by 
means of sputtering. 

[0191] Like the guiding-groove-and-pits-formed layer 
212, the guiding-groove-and-pits-formed intermediate 
layer 214 is made of, for example, a 20-micron thick, 
ultraviolet-ray-setting resin layer and formed by, for ex- 
ample, a pattern transfer technology termed 2P method. 
On one of the surfaces of the guiding-groove-and-pits- 
formed intermediate layer 214 which is closer to the first 
storage layer 215, the guiding groove G is provided in 
the recordable area 203 and the pits P (not shown in 
Figure 35) are provided in the prepit area 206. 
[0192] Like the second storage layer 213, the first 
storage layer 21 5 includes, for example, a ZnS-Si0 2 in- 
terference film 215a, a SiN protective film 215b, a GeS- 
bTe phase change recording layer 215c, a SiN protec- 
tive film 21 5d and a ZnS-Si0 2 interference film 21 5e. 
The first storage layer 21 5 is formed by sequentially de- 
positing these films on the guiding-groove-and-pits- 
formed intermediate layer 214 by means of sputtering. 
[0193] The surface-coating layer 216 is made of, for 
example, a 80-micron thick, ultraviolet-ray-setting resin 
layer, and formed by spin coating the first storage layer 

215 with an ultraviolet-ray-setting resin and setting the 
resin by the projection of ultraviolet rays. 

[0194] The optical disk substrate 211 is, as mentioned 
in the foregoing, a substrate made of a transparent poly- 
carbonate. However, when a light beam 217 is incident 
to the surface-coating layer 216 as is the case with the 
optical disk 201 of the present embodiment, the disk 
substrate 211 does not need be transparent, and may 
be an opaque, metallic substrate. 
[0195] In addition, the optical disk 201 of the present 
embodiment is provided with the guiding-groove-and- 
pits-formed layer 212 and the guiding-groove-and-pits- 
formed intermediate layer 214 which are formed by 2P 
method and which have the guiding groove G and the 
pits P. However, a disk substrate 211 provided on its sur- 
face directly with a guiding groove G and pits P may be 
formed by, for example, injection molding. The structure 
including the disk substrate 211 does not require the 
guiding-groove-and-pits-formed layer 21 2 and the guid- 
ing-groove-and-pits-formed intermediate layer 214. 
[0196] In addition, although the surface-coating layer 

216 is formed on the first storage layer 21 5 by spin coat- 
ing, the layer 216 may be provided instead in the form 
of uniformly thick, transparent sheet pasted on the first 
storage layer 215. 

[0197] In addition, the optical disk 201 has a structure 
including the guiding-groove-and-pits-formed layer 21 2, 
the second storage layer 21 3, the guiding-groove-and- 
pits-formed intermediate layer 214, the first storage lay- 
er 215, and the surface-coating layer 216 sequentially 
stacked on the optical disk substrate 211. This is not the 
only option available. For example, the optical disk 201 
may be structured so that it includes the guiding-groove- 
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and-pits-formed layer 212, the first storage layer 215, 
the guiding-groove-and-pits-formed intermediate layer 

214, the second storage layer 213, and the surface- 
coating layer 216 sequentially stacked on the optical 
disk substrate 211, with the light beam 217 projected 5 
onto the optical disk substrate 211 as shown in Figure 
38. In this structure, the films constituting the first stor- 
age layer 215 and the second storage layer 213 are in 
the reverse order to those shown in Figure 35. 
[0198] An optical-disk-read/write apparatus (optical 
read/write apparatus) which reads/writes on the optical 
disk 201 was, as with the optical disk 1, described in 
reference to Figure 5. 

[0199] In the present embodiment, the optical-disk- 
read/write apparatus 31 reads from, or writes into, the 
second storage layer 213 after the recordable area 203 
of the first storage layer 215 is fully recorded. The op- 
erations in this case are carried out under the control of 
the signal processing and controlling unit 35 on the op- 
tical system unit (illuminating means) 34 and the slide 
driving unit (illuminating means). 
[0200] In the foregoing situation, the following will de- 
scribe how the optical-disk-read/write apparatus 31 
reads/writes on the optical disk 201 , supposing that data 
is recorded in the first storage layer 215 of the optical 
disk 201 , starting with the inner prepit area 206a in the 
recordable area 203 until data fills part of the recordable 
area 203 of the first storage layer 215, and then the op- 
eration moves to reading/writing in the second storage 
layer 213. It is also supposed that the optical disk 201 
is a high-to-low medium such that the interval area is 
more reflective than the recording mark area and data 
is recorded by phase change. 

[0201] As a result of recording in the first storage layer 

215, as shown in Figure 39 and Figure 40, a recorded 
part 203a1 (shown by hatched lines) is produced cov- 
ering the inner prepit area 206a of the recordable area 
203 of the first storage layer 215 up to partway of the 
recordable area 203. 

[0202] Here, the first storage layer 215 is more opti- 
cally transmissive than in the recorded part 203a1 than 
other areas. As a result, the light beam 217 projected 
on the second storage layer 213 is more intense when 
it is concentrated on the second storage layer 21 3 if the 
light beam 217 (light beam 217b) has passed through 
the recorded part203a1 than if the light beam 217 (light 
beam 21 7a) has passed through an area other than the 
recorded part 203a1 (non-recorded area). In other 
words, in recording data into the second storage layer 
21 3, the light beam 217 varies in intensity when it reach- 
es the second storage layer 213 after passing through 
the first storage layer 215, depending on whether it has 
come through the recorded part 203a1. In this case, to 
record data into the second storage layer 213, a com- 
plex write system is required which can vary the light 
beam 217 in intensity depending on whether there are 
any records stored in the first storage layer 215. 
[0203] A similar difference develops in intensity of the 



light beam 217, and a similarly complex read system is 
required when data is read from the second storage lay- 
er 21 3, because the return light reflected off the second 
storage layer 213 changes in quantity depending on 
whether the light beam 217 has passed through the re- 
corded part203a1 of the first storage layer 215. 
[0204] Accordingly, in the optical-disk-read/write ap- 
paratus 31 of the present embodiment, as shown in Fig- 
ure 41, data is read/write from/into the second storage 
layer 213 only after the recordable area 203 of the first 
storage layer 215 is fully recorded. In other words, to 
record on the optical disk 201, the optical-disk-read/ 
write apparatus 31 first writes data in the first storage 
layer 215, and only after the recordable area 203 of the 
first storage layer 215 is recorded to its full capacity, 
starts writing or reading data into/from the second stor- 
age layer 213. 

[0205] The operation ensures that in the read/write 
operation as to the second storage layer 213, the light 
beam 217 projected on the second storage layer 213 
always passes through the fully recorded, first storage 
layer 21 5 before entering the second storage layer 21 3. 
In both read and write operations, the light beam 217 
has a constant intensity when it reaches the second 
storage layer 213, which eliminates the need to use a 
complex read/write system to control the intensity of the 
light beam 217. Stable read/write operations are thus 
achieved. 

[0206] Figure 62 shows the first storage layer 21 5 and 
the second storage layer 213 near the periphery of the 
optical disk 201 in their initial states. On the optical disk 
201, the first storage layer 215 has an unrecorded re- 
cordable area 203a and a blank area 205a constituting 
the outermost part 205, and the second storage layer 
213 has an unrecorded recordable area 203b, an outer 
prepit area 206a, and a blank area 205b constituting the 
outermost part 205. In this situation, the blank areas 
205a, 205b are those areas where no guiding groove G 
or pits P are formed. The innermost part 204 of the first 
and second storage layers 215, 213 also has similar 
blank areas (not shown). 

[0207] The optical disk 201 in this state exhibits uni- 
form transmittance, since the recordable area 203a of 
the first storage layer 215 is unrecorded. Therefore, 
when prepit information is reproduced by concentrating 
the light beam 217 on the outer prepit area 206b of the 
second storage layer 21 3, the intensity of the reproduc- 
tion signal does not vary. In addition, since the prepit 
area 206 is provided to the second storage layer 213, 
the second storage layer 213 is stably readable/writea- 
ble without being affected by the prepit area 206. 
[0208] Next, as shown in Figure 42, writing in a part 
of the unrecorded recordable area 203a produces a re- 
corded part 203a1 and leaves the other part as a non- 
recorded part 203a2. In this case, as shown in Figure 
43, in the recorded part 203a1 , recording marks M with 
reduced transmittance are formed in the guiding groove 
G. In the non-recorded part 203a2, no recording marks 
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M are formed and the transmittance remains un- 
changed. Therefore, the light beam 217c having passed 
through the recorded part 203a1 differs in intensity from 
the light beam 21 7d having passed through the non-re- 
corded part 203a2. The reproduction signal of prepit in- 
formation therefore differs in intensity between the light 
beams 217c and 21 76. 

[0209] In addition, as to the optical disk 201 , typically, 
it is impossible to completely match the center of the 
spiral guiding groove G on the first storage layer 215 
and the center of the spiral pit row on the second storage 
layer 213. Therefore, when the light beam 21 7e illumi- 
nates both a part of the recorded part 203a1 and a part 
of the non-recorded part 203a2 before being concen- 
trated on the outer prepit area 206b of the second stor- 
age layer 21 3 as shown in Figure 42, the boundary be- 
tween the recorded part 203a1 and the non-recorded 
part 203a2 moves in the light beam 21 7e with the rota- 
tion of the optical disk. 

[0210] Therefore, as shown in Figure 44, the repro- 
duction signal of the prepit information varies in intensity 
as the optical disk 201 rotates. Figure 44 only shows the 
envelope E of the reproduction signal; the intensity of 
the reproduction signal is shown on the axis of ordinates 
and the angular position of the rotating optical disk 201 
is shown on the axis of abscissas. Figure 45 shows with 
the angle axis enlarged the reproduction signal S1 of 
prepit information at the 0-degree angular position of 
Figure 44 and the reproduction signal S2 of prepit infor- 
mation at the 1 80-degree angular position of Figure 44. 
To convert the reproduction signals S1, S2 into digital 
signals, detection needs to carried out with the slice lev- 
els set to the mean levels to of the reproduction signals 
S1 , S2. However, comparing the reproduction signal S1 
with the reproduction signal S2 will show that the mean 
levels differ greatly, which makes it impossible to carry 
out detection using a single slice level. 
[0211] The problem can be solved by detecting the 
upper envelope E1 and lower envelope E2 which con- 
stitute the envelope E of the reproduction signal and set- 
ting the variable slice level Lv to their mean levels as 
shown in Figure 46. Figure 47 shows the configuration 
of a reproduction circuit producing a digital signal from 
the slice level Lv. 

[0212] The reproduction circuit includes an envelope 
detecting circuit 251 , a slice level producing circuit 252, 
and a comparator 253. 

[0213] The envelope detecting circuit 251 as enve- 
lope detecting means is made of, for example, a peak- 
hold circuit and a bottom-hold circuit; the peak-hold cir- 
cuit detects the upper envelope E1 and the bottom-hold 
circuit detects the lower envelope E2. 
[0214] The slice level producing circuit 252 as mean 
level producing means produces a slice level Lv by out- 
putting a mean value of values of the detected upper 
and lower envelopes E1, E2. The slice level producing 
circuit 252 is made of, for example, an operation circuit 
including an adder circuit for adding the values of the 



envelopes E1, E2 and a divider circuit for dividing the 
sum by 2. 

[0215] The comparator 253 as digital converting 
means compares the reproduction signal with the slice 
5 level Lv produced by the slice level producing circuit 252 
and converts the reproduction signal to a binary digital 
signal. For example, the comparator 253 produces a 1 
for output when the reproduction signal is above the 
slice level Lv and a 0 for output when the reproduction 
signal is below the slice level Lv. 
[0216] In the reproduction circuit thus configured, the 
reproduction signal is fed to the envelope detecting cir- 
cuit 251 and the comparator 253. The envelope detect- 
ing circuit 251 detects the upper envelope signal E1 and 
the lower envelope E2 of the reproduction signal. The 
slice level producing circuit 252 produces slice levels Lv 
from the envelope E1 , E2. The comparator 253 produc- 
es a digital signal by comparing the reproduction signal 
with the slice level Lv. 

[0217] In addition, Figure 48 shows the relationship 
between the reproduction signal intensity and the angu- 
lar position of the optical disk 201 , as to the method to 
produce a digital signal from a reproduction signal by 
means of the reproduction circuit shown in Figure 49. 
The reproduction circuit in Figure 49 includes a high- 
pass filter 261 , a slice level producing circuit 262, and a 
comparator 263. 

[0218] The high-pass filter 261 as low frequency var- 
iation removing means removes low frequency varia- 
tions from a reproduction signal and passes high fre- 
quency components. The slice level producing circuit 
262 produces a slice level of a constant voltage. The 
comparator 263 as digital converting means compares 
the reproduction signal transmitted through the high- 
pass filter 261 to the slice level as is the case with the 
comparator 253 and converts into binary digital signal. 
[0219] In the reproduction circuit thus configured; the 
incoming reproduction signal is first stripped of its low 
frequency variations by the high-pass filter 261 . The re- 
production signal, before being fed to the high-pass filter 
261, includes low frequency variations, and therefore 
the mean level of the envelope E changes as shown in 
Figure 46. However, the reproduction signal is past 
through the high-pass filter 261, and the mean level of 
the envelope E becomes constant regardless of the an- 
gle as shown in Figure 48. 

[0220] The comparator 263 compares the reproduc- 
tion signal past through the high-pass filter 261 with the 
constant slice level Lc fed from the slice level producing 
circuit 262 and produces a digital signal. 
[0221] Although the reproduction circuit and the slice 
level producing circuit 262 produce the slice level Lc in 
the foregoing, the slice level Lc may be set to 0 volts, 
because the mean levels of the upper envelope E1 and 
the lower envelope E2 are normally equal to 0 volts as 
the reproduction signal passes through the high-pass 
filter 261 . Therefore, in this case, the slice level produc- 
ing circuit 262 can be omitted. 
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[0222] As described in the foregoing, the provision of 
the prepit area 206 in the second storage layer 213 en- 
ables the optical disk 201 to read/write data from/into 
the second storage layer 21 3 without changing the read/ 
write sensitivity of the recordable area 203. In addition, 
the use of the reproduction circuit shown in Figure 47 or 
Figure 49 ensures that a digital signal is derived stably 
from a reproduction signal, even if the reproduction sig- 
nal of prepit information varies in intensity with the rota- 
tion of the optical disk 201 provided that the light beam 
21 7e illuminates both the recorded part 203a1 and the 
non-recorded part 203a2 before being focused on the 
outer prepit area 206b of the second storage layer 21 3. 
[0223] However, as mentioned earlier, the non-re- 
corded part 203a2 exhibits a lower transmittance than 
the recorded part 203a1. When data is to be read from 
the prepit area 206 including the outer prepit area 206b 
using the light beam 21 7d traveling through the non-re- 
corded part203a2 of the first storage layer 21 5, as could 
be understood from Figure 46 and Figure 48, the repro- 
duction signal has so small an amplitude that the prepit 
information cannot be reproduced stably. Accordingly, 
preferably, the part of the first storage layer 215 through 
which the light beam 21 7e is transmitted is fully recorded 
and thus exhibits a relatively high transmittance. 
[0224] Figure 50 shows a structure of the optical disk 
201 capable of increasing the amplitude of the repro- 
duction signal obtained from prepit area 206 (not shown 
except the outer prepit area 206b) on the second stor- 
age layer 21 3. 

[0225] The optical disk 201 has a pseudo-recording 
area 207 interposed between the recordable area 203a 
and the blank area 205a. The pseudo-recording area 
207 is provided in a part of the first storage layer 215 
which corresponds to the prepit area 206 of the first stor- 
age layer 215 and stores pseudo information in ad- 
vance. In the pseudo-recording area 207, as in the re- 
cordable area 203, the transmittance lowers where re- 
cording marks M are formed in the guiding groove G as 
shown in Figure 51. Thus, the pseudo-recording area 
207 has as high a transmittance as the recordable area 
203, and the light beam 217 passing through the pseu- 
do-recording area 207 comes to have a high intensity. 
Thus, the amplitude of the reproduction signal of the pre- 
pit area 206 on the second storage layer 213 can be 
increased. 

[0226] The recording marks M formed on the pseudo- 
recording area 207 differ from those formed on the re- 
cordable area 203; the former include no main recording 
information, but pseudo recording information. As pseu- 
do recording information, no particular information 
needs be recorded, but nonsense or meaningless infor- 
mation may be recorded. Alternatively, if the pseudo-re- 
cording area 207 is to be formed in advance prior to the 
shipment of the optical disk 201, identification informa- 
tion, encryption information, and other kinds of informa- 
tion may be recorded in the pseudo-recording area 207 
which is unique to individual optical disks 201 . 



[0227] In this situation, as shown in Figure 50, prefer- 
ably, the pseudo-recording area 207 is formed so that 
the light beams 21 7f, 21 7g always travel through the 
pseudo-recording area 207 of the first storage layer 21 5 

5 even when data is read from the edges of the prepit area 
206b of the second storage layer 213 in relation to the 
radius direction of the disk. Accordingly, the pseudo-re- 
cording area 207 is provided covering a wider area than 
the outer prepit area 206b of the second storage layer 

10 213. 

[0228] For example, supposing the first storage layer 
215 is separated from the second storage layer 213 by 
a distance of 20 microns, the light beam 21 7 focused on 
the second storage layer 213 forms on the first storage 

15 layer 215 a spot having a radius of about 10 microns. 
Therefore, the pseudo-recording area 207 needs be 
formed at least about 10 microns wider than both ends 
of the prepit area 206 of the second storage layer 213. 
In addition, when the center of the guiding groove G 

20 formed on the first storage layer 21 5 does not match the 
center of the pit row formed on the second storage layer 
213, hence eccentricity exists between the two centers, 
the pseudo-recording area 207 needs be widened by an 
amount equivalent to the eccentricity. For this reason, 

25 the pseudo-recording area 207 is preferably formed 
about 100 microns wider than both ends of the prepit 
area 206 of the second storage layer 213. 
[0229] Figure 50 shows an example in which the 
pseudo-recording area 207 is provided in the outer pre- 

30 pit area 206b. A similar pseudo-recording area may be 
provided in the inner prepit area 206a too. 
[0230] In this situation, the pseudo-recording area 
207 may be either formed prior to the shipment of the 
optical disk 201 or formed by the optical-disk-read/write 

35 apparatus 31 when an unused optical disk 201 is loaded 
in the optical-disk-read/write apparatus 31 for replay or 
recording. The provision of the pseudo-recording area 
207 using an optical-disk-read/write apparatus elimi- 
nates the need to provide the pseudo-recording area 

40 2 07 prior to the shipment of the optical disk, which en- 
ables reduction of the cost of the optical disk. 
[0231] Figure 52 shows a configuration of pseudo re- 
cording circuit provided in the optical-disk-read/write ap- 
paratus 31 to form a pseudo-recording area 207. The 

45 configuration includes the aforementioned pseudo-re- 
cording-status-checking circuit 271 in the signal 
processing and controlling unit 35. 
[0232] The pseudo-recording-status-checking circuit 
271 as recording status checking means checks, based 

50 on the reproduction signal produced by a light-receiving 
element 47 from the reflection off the pseudo-recording 
area 207, whether the pseudo-recording area 207 al- 
ready contains pseudo recording information. The pseu- 
do-recording-status-checking circuit 271 includes a 

55 comparator and other circuits to check and determine 
whether the pseudo-recording area 207 contains any 
records, in accordance with whether or not the repro- 
duction signal which represents the quantity of light re- 
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fleeted off the pseudo-recording area 207 exceeds a 
predetermined threshold value. 
[0233] In the arrangement, the pseudo-recording ar- 
ea 207 is read immediately after the optical disk 201 is 
loaded in the optical-disk-read/write apparatus 31. The 
pseudo-recording-status-checking circuit 271 checks 
based on the reproduction signal whether the pseudo- 
recording area 207 is fully recorded or not. 
[0234] If the pseudo-recording area 207 is not fully re- 
corded, the pseudo-recording-status-checking circuit 
271 regards the optical disk 201 as being never used, 
and feeds a pseudo writing-instruction signal to the illu- 
minating-unit-controlling circuit 36 as pseudo-recording 
means provided in the signal processing and controlling 
unit 35. As a result, pseudo information is recorded in 
the pseudo-recording area 207 of the first storage layer 
215 under the control of the illuminating-unit-controlling 
circuit 36. Meanwhile, if the pseudo-recording area 207 
is fully recorded, the pseudo-recording-status-checking 
circuit 271 regards the loaded optical disk 201 as having 
been used, and feeds an ordinary writing-instruction sig- 
nal to the illuminating-unit-controlling circuit 36. As a re- 
sult, an ordinary recording operation is performed as to 
the optical disk 201 under the control of the illuminating- 
unit-controlling circuit 36. 

[0235] Next, the following description will describe an 
optical disk 201 in which the first storage layer 215 has 
a prepit area 206. As a comparative example, an optical 
disk 281 is first described with which no consideration 
is given to the read/write sensitivity of the second stor- 
age layer 215. 

[0236] With the optical disk 281, as shown in Figure 
53, a blank area 205a of the first storage layer 215 is 
provided in the same range as a blank area 205b of the 
second storage layer 213. In the first storage layer 215, 
an outer prepit area 206b is provided between the re- 
cordable area 203a and the blank area 205a. In addition, 
an inner prepit area 206a (not shown) is also provided 
on the first storage layer 215. 

[0237] Since the prepit area 206 is located on the 
light-striking side of the optical disk 281 thus structured, 
the reproduction signal derived from the prepit area 206 
never varies in intensity. The optical disk 281 is free from 
the problem that the reproduction signal derived from 
the prepit area 206 varies in intensity as shown in Figure 
42. However, the provision of the prepit area 206 on the 
first storage layer 21 5 causes the same problem as with 
the conventional optical disk (see Figure 70). Concrete- 
ly, the first storage layer 611 exhibits different optical 
transmittances between the recordable area 603 and 
the prepit area 606, resulting in variations in read/write 
sensitivity of the second storage layer 61 2. Now, the var- 
iations in recording sensitivity of the optical disk 281 are 
elaborately described. 

[0238] As to the optical disk 281 , the recordable area 
203a of the first storage layer 215 is first fully recorded 
by a recording operation of the optical-disk-read/write 
apparatus 31 . In this situation, the fully recorded, record- 



able area 203a includes high-transmittance recording 
marks M, and the light beam 21 7h concentrated on the 
second storage layer 213 after passing through the re- 
cordable area 203a exhibits a relatively high intensity. 
5 Meanwhile, the light beam 21 7i concentrated on the 
second storage layer 21 3 after passing through the pre- 
pit area 206 with no recording marks M exhibits a rela- 
tively low intensity. 

[0239] Next, to record data in the recordable area 
203b of the second storage layer 213, the light beam 
217h and the light beam 217i, although originally of the 
same intensity, differs in intensity when they reach the 
second storage layer 21 3. Therefore, the recording sen- 
sitivity varies depending upon where recording takes 
place, which makes it extremely difficult to perform sta- 
ble recording. Further, if a light beam passes through a 
boundary between the fully recorded recordable area 
203a and the prepit area 206 before concentrated on 
the second storage layer 21 3, since there exists eccen- 
tricity which is defined as the displacement in position 
between the center of the guiding groove G on the first 
storage layer 215 and the center of the guiding groove 
G on the second storage layer 213, the recording sen- 
sitivity undesirably varies with rotation of the optical disk 
281. 

[0240] By contrast, the optical disk 201 shown in Fig- 
ure 54 provides means to solve these problems by ex- 
panding the blank area 205b. The following will describe 
such an optical disk 201. 

[0241] As to the optical disk 201 shown in Figure 54, 
the blank area 205b the second storage layer 21 3 is ex- 
panded inwards, and a light beam 21 7j entering the op- 
tical disk 201 always passes through the fully recorded 
recordable area 203a of the first storage layer 215 be- 
fore concentrated on the second storage layer 213. In 
this manner, as to the optical disk 201, the recordable 
area 203a of the first storage layer 215 is formed wider 
than the recordable area 203b of the second storage 
layer 213, and the prepit area 206 is formed along the 
outer circumference of the recordable area 203a. The 
configuration makes the intensity of the light beam 21 7j 
always constant on the second storage layer 213 and 
thus achieves stable recording to the second storage 
layer 213 and stable reproduction of prepit information 
from the first storage layer 215. 
[0242] Now, it will be described how much wider the 
recordable area 203a of the first storage layer 215 
should be than the recordable area 203b of the second 
storage layer 213. Assuming that the first storage layer 
215 is separated from the second storage layer 213 by 
a distance of 20 microns, the light beam 21 7j focused 
on the second storage layer 213 forms on the first stor- 
age layer 215 a spot having a radius of about 10 mi- 
crons. Therefore, the recordable area 203b needs be 
formed at least about 10 microns wider than the width 
of the recordable area 203a. In addition, when the center 
of the guiding groove G formed on the first storage layer 
215 does not match the center of the guiding groove G 
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formed on the second storage layer 213, hence eccen- 
tricity exists between the two centers, the recordable ar- 
ea 203a needs be widened by an amount equivalent to 
the eccentricity. Therefore, in this case, the recordable 
area 203a is preferably formed about 1 00 microns wider 5 
than the width of the recordable area 203b. 
[0243] As to the optical disk 201 , the recordable area 
203b of the second storage layer 21 3 narrows down and 
the storage capacity decreases. By contrast, the optical 
disk 201 shown in Figure 55 and Figure 56 has such a 
structure to add to the storage capacity while preventing 
the prepit area 206 from reducing the recording sensi- 
tivity. 

[0244] The optical disk 201 has in place of the afore- 
mentioned prepit area 206 a prepit area 208 made of an 
inner prepit area 208a and an outer prepit area 208b, 
as shown in Figure 55. The prepit area 208 has an op- 
tical transmittance which is equal to that of the fully re- 
corded recordable area 203a of the first storage layer 
215 shown in Figure 56. 

[0245] As shown in Figure 57, in the prepit area 208, 
alternate pit rows of pits P which are spirally (or concen- 
trically) arranged have a continuously recorded, contin- 
uous storage area R. In the continuous storage area R, 
the pits P and the intervals between the pits P are con- 
tinuously in the same state, i.e., have the same trans- 
mittance, as the recording marks M in the recordable 
area 203a. 

[0246] In the recorded recordable area 203a, a fully 
recorded portion (recording mark M) and a non-fully-re- 
corded portions are formed alternately in the guiding 
groove G. In practice, the lengths of the fully recorded 
and non-fully-recorded portions along the guiding 
groove G alters depending on recording information. 
However, as to the guiding groove G, recording is done 
so that the recorded portions and the non-fully-recorded 
portions are formed at a substantially equal ratio. In ad- 
dition, the depression area (land area) between any ad- 
jacent guiding grooves G are non-recorded areas and 
formed substantially as wide as the guiding groove G. 
Therefore, the sum of the areas of the recording marks 
M is equal to 1/4 the net area of the recordable area 
203a. 

[0247] Meanwhile, in the prepit area 208, the non-re- 
corded area between any adjacent pit rows is formed 
substantially as wide as the diameter of the pit P. There- 
fore, to form a recorded portion (1/4 the net prepit area 
208) which has an area substantially equal to the re- 
corded portion of the recordable area 203a, recording 
needs be done so that a continuous storage area R can 
be formed for alternate pit rows. 
[0248] Otherthan guiding groove recording schemes, 
to employ a land and groove recording scheme whereby 
recording marks M are formed not only in the guiding 
groove G, but also in land areas, the sum of the areas 
of the recording marks M formed in the recordable area 
203a is 1/2 the net area of the recordable area 203a. 
Therefore, to form a recorded portion having an area 



substantially equal to the recorded portion (1/2 the net 
area of the prepit area 208) of the recordable area 203a, 
recording needs be done so that a continuous storage 
area R can be formed continuously along a pit row. 
[0249] As mentioned in the foregoing, the continuous 
storage area R exhibits as high an optical transmittance 
as the recording mark M. Therefore, as shown in Figure 
58, the fully recorded portions formed on the first storage 
layer 15 in the spots of a light beam 217k passing 
through the fully recorded recordable area 203a before 
being concentrated on the second storage layer 21 3 and 
a light beam 21 71 passing through the outer prepit area 
208b before being concentrated on the second storage 
layer 213 have the substantially equal areas. This 
makes the intensities of the light beams 217k, 2171 on 
the second storage layer 213 substantially equal, and 
the second storage layer 213 no longer varies in record- 
ing sensitivity even when the prepit area 208 is provided. 
Therefore, expanding the recordable area 203b of the 
second storage layer 213 adds to the storage capacity 
as compared to the optical disk 201 in Figure 54. 
[0250] In this situation, the blank areas 205a, 205b 
are unrecorded and exhibit low optical transmittance. 
The ends of the recordable area 203b of the second 
storage layer 213 therefore need be determined so that 
the light beam 2171 reaching the second storage layer 
213 always passes through the outer prepit area 208b, 
as shown in Figure 56. 

[0251] In this manner, as to the optical disk 201 , in the 
prepit area 208 of the first storage layer 215, alternate 
pit rows have a continuous storage area R, and the outer 
periphery of the outer prepit area 208b is positioned fur- 
ther outside the outer periphery of the recordable area 
203b of the second storage layer 213. In the case of the 
inner prepit area 208a, its inner periphery is positioned 
further inside the inner periphery of the recordable area 
203b of the second storage layer 213. Thus, the light 
beams 21 7k, 21 71 always have equal intensities on the 
second storage layer 21 3. Therefore, data is stably writ- 
ten to the second storage layer 21 3, and the optical disk 
201 comes to have a further increased capacity. 
[0252] Now, it will be described how much closer to 
the outer periphery the periphery of the outer prepit area 
208b should be positioned than the recordable area 
203b. Assuming that the first storage layer 215 is sep- 
arated from the second storage layer 21 3 by a distance 
of 20 microns, the light beam focused on the second 
storage layer 21 3 forms on the first storage layer 215 a 
spot having a radius of about 10 microns. Therefore, the 
outer prepit area 208b needs be formed so that its pe- 
riphery is positioned at least about 1 0 microns closer to 
the outer periphery than the periphery of the recordable 
area 203b. Likewise, the inner prepit area 208a needs 
be formed so that its periphery is positioned at least 
about 1 0 microns closer to the inner periphery than the 
periphery of the recordable area 203b. 
[0253] Further, if the center of the guiding groove G 
on the first storage layer 215 does not match the center 
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of the guiding groove G on the second storage Iayer21 3, 
and hence eccentricity exists, the outer prepit area 208b 
needs be expanded by an amount equivalent to the ec- 
centricity. In this case, the outer prepit area 208b is pref- 
erably formed so that its edges are positioned about 1 00 5 
microns closer to the outer periphery than the edges of 
the recordable area 203b. Preferably, the inner prepit 
area 208a is formed likewise. 

[0254] In this situation, the continuous storage area R 
may be formed in the pit row in the prepit area 208 either 10 
prior to the shipment of the optical disk 201 or by using 
the optical-disk-read/write apparatus 31 when an un- 
used optical disk 201 is loaded into the optical-disk- 
read/write apparatus 31. The formation of the continu- 
ous storage area R using the optical-disk-read/write ap- 1$ 
paratus 31 eliminates the need to form the continuous 
storage area R prior to the shipment of the optical disk 
201 , and reduces the cost of the optical disk 201 . 
[0255] Figure 59 shows a configuration to form a con- 
tinuous storage area R in the pit row in the prepit area 20 
208 using the optical-disk-read/write apparatus 31 in the 
foregoing manner. The configuration includes the afore- 
mentioned continuous-storage-area-presence-check- 
ing circuit 291 provided in the signal processing and 
controlling unit 35. 25 
[0256] The continuous-storage-area-presence- 
checking circuit 291 as continuous storage area check- 
ing means checks and determines based on the repro- 
duction signal produced by the light-receiving element 
47 from the reflection off the prepit area 208 whether the 30 
prepit area 208 contains a continuous storage area R 
as mentioned in the foregoing. The continuous-storage- 
area-presence-checking circuit 291 includes a compa- 
rator and other circuits to check and determine whether 
the pseudo-recording area 207 contains any records, in 35 
accordance with whether or not the reproduction signal 
which represents the quantity of reflected light reflected 
off the prepit area 208 exceeds a predetermined thresh- 
old value. 

[0257] In the arrangement, to check the presence of 40 
the continuous storage area R, the prepit area 208 is 
read immediately after the optical disk 201 is loaded in 
the optical-disk-read/write apparatus 31. Here, a light 
beam is projected on the prepit area 208 for tracking 
under the control of the illuminating-unit-controlling cir- 45 
cuit 36 in the signal processing and controlling unit 35. 
Here, the pit row acts as a tracking guide which is a 
rough equivalent to the guiding groove G. 
[0258] When there is already formed a continuous 
storage area R, the quantity of light reflected off the pre- 50 
pit area 208 changes for alternate pit rows, and the re- 
production signal representative of the quantity of re- 
flected light varies accordingly. In the continuous-stor- 
age-area-presence-checking circuit 291, as mentioned 
in the foregoing, the varying reproduction signal is con- 55 
verted to a signal of a constant level by a low-pass filter 
and compared with a predetermined reference value by 
the comparator. In this case, the signal is larger than the 



reference value, the continuous-storage-area-pres- 
ence-checking circuit 291 regards the loaded optical 
disk 201 as having been used and feeds an ordinary 
writing-instruction signal to the illuminating-unit-control- 
ling circuit 36. As a result, under the control of the illu- 
minating-unit-controlling circuit 36, ordinary recording 
takes place on the optical disk 201 . 
[0259] Meanwhile, when there is formed no continu- 
ous storage area R, the quantity of light reflected off the 
prepit area 208 does not vary. Neither does the repro- 
duction signal. Therefore, the signal having passed 
through the low-pass filter is smaller than the reference 
value, the continuous-storage-area-presence-checking 
circuit 291 regards the loaded optical disk 201 as being 
never used, and feeds a continuous-recording-instruct- 
ing signal to the illuminating-unit-controlling circuit 36 as 
continuous recording means. As a result, under the con- 
trol of the illuminating-unit-controlling circuit 36, record- 
ing takes place on the optical disk 201 so that a contin- 
uous storage area R is formed in the prepit area 208. 
[0260] So far, the description was limited only to the 
optical disk 201 with only two data storage layers. In- 
stead, the optical disk 201 may include three or more 
data storage layers. The following will describe such an 
optical disk 201 with three data storage layers. 
[0261] In addition to a first storage layer 215 and a 
second storage layer 213, the optical disk 201 includes 
a third storage layer 218 as a last data storage layer 
which is most distanced from a light-entering surface, 
as shown in Figure 60. The prepit area 206 is provided 
not in the first storage layer 215 or the second storage 
layer 213, but only in the third storage layer 218, be- 
tween a recordable area 203c and a blank area 205c. 
[0262] As to the optical disk 201 , similarly to the opti- 
cal disk 201 shown in Figure 62, in reading data from a 
prepit area 206 in the third storage layer 218. the quan- 
tity of light reflected off a prepit area 206 varies depend- 
ing upon whether the first storage layer 21 5 and the sec- 
ond storage layer 21 3 through which light beams 217m, 
21 7n pass are fully recorded or not. However, a slice 
level can be produced from the envelope of a reproduc- 
tion signal by using the reproduction circuit shown in Fig- 
ure 47. Obtaining a digital signal with the slice level as 
a reference, prepit information can be reproduced sta- 
bly. In addition, by using the reproduction circuit shown 
in Figure 49, prepit information can be reproduced sta- 
bly by obtaining a digital signal by comparing with a con- 
stant slice level a reproduction signal of the prepit area 
206 from which low frequency components are removed 
by a high-pass filter. 

[0263] In this situation, in recording data on the optical 
disk 201 , the recording on the second storage layer 21 3 
is started after the first storage layer 215 is fully record- 
ed, and the recording on the third storage layer 218 is 
started after the second storage layer 21 3 is fully record- 
ed. In addition, in focusing a light beam on the second 
storage layer 21 3, the light beam needs always be trans- 
mitted through a recorded area 203a of the first storage 
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layer 215 so that a light beam of constant intensity 
reaches the second storage layer 213. To this end, the 
recordable area 203a is formed wider than the record- 
able area 203b both on the inner and outer peripheries. 
[0264] Next, as to the optical disk 201 shown in Figure 5 
61, the third storage layer 218 has the prepit area 206, 
and the first storage layer 215 and the second storage 
layer 213 have respective pseudo-recording areas 
207a, 207b where pseudo information is recorded. As 
to the optical disk 201, the pseudo-recording areas 
207a, 207b are formed at such positions that the light 
beams 21 7m, 21 71 focused on the prepit area 206 of the 
third storage layer 218 are always transmitted through 
the pseudo-recording areas 207a, 207b before reaching 
the prepit area 206. 

[0265] Using such an optical disk 201 , similarly to the 
optical disk 201 shown in Figure 50, due to relatively 
high optical transmittance of the pseudo-recording area 
207a, 207b, the intensities of the light beams 217m, 
21 7n passing through the pseudo-recording areas 
207a, 207b can be maintained at high values. There- 
fore, it becomes possible to increase the amplitude of 
the reproduction signal derived from the prepit area 206 
of the third storage layer 218 and eliminate the varia- 
tions of the reproduction signal along the direction of the 
circumference. 

[0266] The pseudo-recording areas 207a, 207b may 
be formed prior to the shipment of the optical disk 201 
or using the optical-disk-read/write apparatus 31 in the 
aforementioned manner. 

[0267] Further, the optical disk 201 shown in Figure 
62 has the prepit area 206 only in the first storage layer 
215 which is located close to the light-entering surface. 
Such an optical disk 201, since the prepit area 206 is 
located close to the light-entering surface, is free from 
variations in the quantity of light reflected off the prepit 
area 206 and its prepit information can be stably repro- 
duced. 

[0268] In addition, to eliminate variations from record- 
ing sensitivity, similarly to the case in Figure 54, in read- 
ing or writing in the recordable area 203b of the second 
storage layer 213, a light beam 21 7o needs to always 
pass through a fully recorded recordable area 203a of 
the first storage layer 215 before reaching the second 
storage layer 21 3; and in reading or writing in the third 
storage layer 218, a light beam 21 7p needs to always 
pass through the fully recorded recordable areas 203a, 
203b of the first storage layer 215 and the second stor- 
age layer 213, respectively, before reaching the third 
storage layer 21 8. To this end, the recordable area 203b 
is formed wider than the recordable area 203c and the 
recordable area 203a is formed wider than the record- 
able area 203b. 

[0269] The optical disk 201 shown in Figure 63 has 
the prepit area 208 (only the outer prepit area 208b is 
shown) in place of the prepit area 206 in the first storage 
layer 215 of the optical disk 201 shown in Figure 62. The 
optical disk 201 , similarly to the optical disk 201 in Figure 



56, has: the prepit area 208 where the optical transmit- 
tance is high; the inner prepit area 208a whose inner 
edge is positioned further inwards than the inner edges 
of the recordable areas 203b, 203c; and the outer prepit 
area 208b whose outer edge is positioned further out- 
wards than the outer edges of the recordable areas 
203b, 203c. 

[0270] This makes always constant the intensities of 
a light beam 21 7r reaching the second storage layer 21 3 
and the light beam 21 7s reaching the third storage layer 
218. Therefore, it data is recorded stably in the second 
storage layer 213 and the third storage layer 218, and 
the optical disk 201 is more capacious. 
[0271] As described in the foregoing, an optical read/ 
write apparatus of the present invention causes a read/ 
write light beam from an illuminating section to strike on- 
ly one side of an optical storage medium including 
stacked data storage layers each of which is readable/ 
writeable separately from the other layers, and the ap- 
paratus includes a controlling section for controlling the 
illuminating section so that data is read/written from/into 
a recordable area of a second data storage layer after 
a recordable area of a first data storage layer is fully 
recorded, and the first data storage layer is one of the 
data storage layers which is located closest to a light- 
striking surface of the medium, and the second data 
storage layer is another of the data storage layers which 
is located next to the first data storage layer, opposite 
the light-striking surface. 

[0272] Further, an optical read/write method of the 
present invention causes a read/write light beam to 
strike only one side of an optical storage medium includ- 
ing stacked data storage layers each of which is reada- 
ble/writeable separately from the other layers, and the 
method includes the step of reading/writing data from/ 
into a second data storage layer after fully recording a 
recordable area of a first data storage layers which is 
located closest to a light-striking surface of the medium, 
and the second data storage layer is another of the data 
storage layers which is located next to the first data stor- 
age layer, opposite the light-striking surface. 
[0273] According to the arrangement, after fully re- 
cording the recordable area of the first data storage lay- 
er on the light-striking side, data is read/written from/into 
the second data storage layer which is located next to 
the first data storage layer, opposite the light-striking 
surface. 

[0274] Therefore, when data is read/written from/into 
the second data storage layer, substantially all the read/ 
write light striking the second data storage layer after 
passing through the first data storage layer passes 
through the recordable area of the first data storage lay- 
er that has been recorded. Thus, even when an optical 
transmittance in the recordable area of the first data 
storage layer varies depending on whether the record- 
able area holds any record or not, it is possible to illu- 
minate light having uniform intensity to the substantially 
entire recordable area of the second data storage layer. 
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As a result, it is possible to realize a desirable reading/ 
writing property without using a complex read/write sys- 
tem. 

[0275] An optical read/write apparatus of the present 
invention causes a read/write light beam from illuminat- 5 
ing means to strike only one side of the optical storage 
medium and is arranged so as to include controlling 
means for controlling the illuminating means so that an 
extended area is fully recorded prior to recording in an 
area other than the extended area in a recordable area 10 
in a first data storage layer of the optical storage medi- 
um. 

[0276] In addition, an optical read/write method of the 
present invention is arranged to include the steps of pre- 
paring an optical storage medium and fully recording an 15 
extended area prior to recording in an area other than 
the extended area in a recordable area in a first data 
storage layer of the optical storage medium. 
[0277] According to the arrangement, since an optical 
storage medium is used which has an extended area in 20 
a recordable area of a first data storage layer, as men- 
tioned earlier, light can be projected at uniform intensity 
on substantially all recordable areas of the second data 
storage layer. Therefore, desirable read/write character- 
istics can be imparted without using a complex read/ 25 
write system. 

[0278] In addition, the area other than the extended 
area in the recordable area of the first data storage layer 
is as large as a recordable area in a second data storage 
layer. The position of the illuminating means relative to 30 
the optical storage medium can be controlled in the 
same manner with respect to read/write in the area other 
than the extended area in the recordable area of the first 
data storage layer and with respect to read/write in the 
recordable area of the second data storage layer. 35 
[0279] An optical read/write apparatus of the present 
invention causes a read/write light beam from illuminat- 
ing means to strike only one side of an optical storage 
medium and is arranged so as to include: identification 
information storing means for storing identification infor- 40 
mation which is unique to the optical read/write appara- 
tus and by which the optical read/write apparatus is dis- 
tinguished from other optical read/write apparatuses; 
and controlling means for controlling the illuminating 
means so that the optical storage medium holds the 45 
identification information in an extended area. 
[0280] In addition, an optical read/write method of the 
present invention is arranged to include the steps of pre- 
paring the optical storage medium and storing in an ex- 
tended area identification information which is unique to 50 
an individual optical read/write apparatus capable of 
reading/writing on the optical storage medium and by 
which the optical read/write apparatus is distinguished 
from other optical read/write apparatuses. 
[0281] According to the arrangement, an optical stor- 55 
age medium can store in its extended area identification 
information by which the optical read/write apparatus 
having read or written the storage medium can be dis- 



tinguished. Therefore, if in reading/writing an optical 
storage medium, for example, the optical read/write ap- 
paratus first reads the identification information from the 
extended area, and only when the identification infor- 
mation readout matches the identification information 
assigned to the apparatus, is allowed to read or read or 
write the medium, the illegal copying and other uses of 
the optical storage medium can be prevented. 
[0282] The optical read/write apparatus may be ar- 
ranged so that checking means for checking whether 
the identification information retrieved from the extend- 
ed area of the optical storage medium matches the iden- 
tification information of the optical read/write apparatus 
stored in the identification information storing means, 
wherein the controlling means controls the illuminating 
means in reproducing data from the optical storage me- 
dium so as to read identification information stored in 
the extended area of the optical storage medium, and 
only when the checking means determines that the two 
sets of identification information match, allows data to 
be read from the recordable area other than the extend- 
ed area of any data storage layer. 
[0283] The optical read/write method may be ar- 
ranged so as to include the steps of, in reproducing data 
from the optical storage medium, reading the identifica- 
tion information from the extended area of the optical 
storage medium, checking whether the identification in- 
formation retrieved from the extended area matches the 
identification information of the optical read/write appa- 
ratus, and only when the two sets of identification infor- 
mation match each other as a result of the checking, 
starts data to be read from the recordable area other 
than the extended area of any data storage layer. 
[0284] According to the arrangement, in reading data 
from the optical storage medium, the optical read/write 
apparatus first reads the identification information from 
the extended area of the optical storage medium and 
only when the identification information readout and the 
identification information assigned to the apparatus, al- 
lows data to be read from the optical storage medium. 
The illegal copying and other uses of the optical storage 
medium can be surely prevented. 
[0285] An optical read/write apparatus of the present 
invention causes a read/write light beam from illuminat- 
ing means to strike only one side of an optical storage 
medium and is arranged so as to include: encryption in- 
formation storing means for storing encryption informa- 
tion by which data is encrypted before being recorded 
on the optical storage medium; and controlling means 
for controlling the illuminating means so that the optical 
storage medium holds the encryption information in the 
extended area. 

[0286] An optical read/write method of the present in- 
vention is arranged to include the steps of: preparing the 
optical storage medium; preparing encryption informa- 
tion by which data is encrypted before being stored in 
the optical storage medium; and storing the encryption 
information in the extended area. 
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[0287] According to the arrangement, the extended 
area of the optical storage medium can hold encryption 
information by which data is encrypted before being 
stored in the optical storage medium. Therefore, if when 
the optical read/write apparatus records information on 5 
the optical storage medium, encryption information is 
read out from the extended area and information is en- 
crypted based on the encryption information before be- 
ing stored on the optical storage medium, it is only the 
optical read/write apparatus which can decrypt the en- 
cryption information that can decrypt the information 
read out from the optical storage medium. Therefore, 
the illegal copying and other uses of the optical storage 
medium can be prevented. 

[0288] The optical read/write apparatus may be ar- 
ranged so as to further include encrypting means for en- 
crypting data recorded on the optical storage medium 
in reference to encryption information in the extended 
area, wherein the controlling means controls the illumi- 
nating means so that recording information encrypted 
by the encrypting means is stored in the data storage 
layer. 

[0289] The optical read/write method may be ar- 
ranged so as to further include the steps of encrypting 
data to be recorded on the optical storage medium in 
reference to the encryption information in the extended 
area and recording the encrypted recording information 
in the data storage layer. 

[0290] According to the arrangement, based on the 
encryption information stored in the extended area of 
the optical storage medium, information to be recorded 
on the optical storage medium is encrypted before being 
recorded on the optical storage medium. 
[0291] The optical read/write apparatus may be fur- 
ther arranged so that the controlling means allows re- 
production of only the recording information which isen- 
crypted based on the same encryption information as 
the encryption information stored in the encryption in- 
formation storing means. 

[0292] The optical read/write method may be further 
arranged so that only the recording information encrypt- 
ed based on the same encryption information as the en- 
cryption information prepared in advance. 
[0293] According to the arrangement, only the infor- 
mation can be reproduced which is encrypted using the 
same encryption information as the encryption informa- 
tion assigned to the optical read/write apparatus. Thus, 
the illegal copying and other uses of the optical storage 
medium can be prevented if optical read/write appara- 
tuses other than the optical read/write apparatus provid- 
ed with the encryption information are used. 
[0294] An optical read/write apparatus of the present 
invention causes a read/write light beam from illuminat- 
ing means to strike only one side of the optical storage 
medium and is arranged so as to include controlling 
means for controlling the illuminating means so as to 
test write data in the extended area. 
[0295] An optical read/write method of the present in- 



vention is arranged to include the steps of preparing the 
optical storage medium, and test writing data in the ex- 
tended area. 

[0296] According to the arrangement, the extended 
area can be utilized as a test write area to determine the 
most suitable light beam intensity in, for example, writing 
on the optical storage medium. This eliminates the need 
to provide a separate test write area in the recordable 
area other than the extended area of the optical storage 
medium and allows for more efficient use of the record- 
able area of the optical storage medium. 
[0297] The optical storage medium may be arranged 
so that the extended area constitutes a fully prerecorded 
pseudo-recording area. 

[0298] According to the arrangement, the pseudo-re- 
cording area provides the functions of the extended ar- 
ea. Further, the recordable area other than the pseudo- 
recording area of the first data storage layer is as large 
as the recordable area of the second data storage layer, 
and the position of the illuminating means relative to the 
optical storage medium can be controlled in the same 
manner with respect to read/write in the recordable area 
of the first data storage layer and with respect to read/ 
write in the recordable area of the second data storage 
layer. 

[0299] The optical storage medium may be arranged 
so that the pseudo-recording area stores identification 
information which is unique to an individual optical stor- 
age medium and by which the optical storage medium 
is distinguished from other optical storage media. 
[0300] According to the arrangement, 
in reading or writing data on the optical storage medium 
using an optical read/write apparatus, the optical stor- 
age medium is readable/writeable only with the optical 
read/write apparatus which matches the identification 
information. Thus, the illegal copying and other uses of 
the optical storage medium can be prevented. 
[0301] The optical storage medium may be arranged 
so that the pseudo-recording area stores encryption in- 
formation to encrypt information to be stored on the op- 
tical storage medium. 

[0302] According to the arrangement, when the opti- 
cal read/write apparatus records information on the op- 
tical storage medium, the optical read/write apparatus 
first reads the encryption information from the pseudo- 
recording area, encrypts the information based on the 
encryption information before the information is stored 
on the optical storage medium; thus, it is only the optical 
read/write apparatus that can decrypt the encryption in- 
formation that can decrypt the information read out from 
the optical storage medium. Therefore, the illegal cop- 
ying and other uses of the optical storage medium can 
be prevented. 

[0303] An optical read/write apparatus of the present 
invention causes a read/write light beam from illuminat- 
ing means to strike only one side of the optical storage 
medium, and is arranged so as to include: encrypting 
means for encrypt data recorded on the optical storage 
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medium in reference to the encryption information in the 
pseudo-recording area; and controlling means for con- 
trolling the illuminating means so that the recording in- 
formation encrypted by the encrypting means is record- 
ed in the data storage layer. 

[0304] An optical read/write method of the present in- 
vention is arranged to include the steps of preparing the 
optical storage medium; encrypting data recorded on 
the optical storage medium in reference to the encryp- 
tion information in the pseudo-recording area; and re- 
cording the encrypted recording information in the data 
storage layer. 

[0305] According to the arrangement, information can 
be encrypted based on the encryption information re- 
corded in the pseudo-recording area of the optical stor- 
age medium before being recorded on the optical stor- 
age medium. 

[0306] The optical storage medium may be arranged 
so that the pseudo-recording area is not rewriteable. 
[0307] According to the arrangement, the identifica- 
tion information and the encryption information stored 
in the optical storage medium co pseudo-recording ar- 
ea can be protected. The illegal copying and other uses 
of the optical storage medium is better prevented. 
[0308] In addition, as described earlier, in the present 
invention, in an arrangement whereby: a lumped ad- 
dress scheme is used, multiple data storage layers are 
readable/writeable using a light incident to only one 
side; and the optical transmittance varies due to the re- 
cording using incident light, attempts are made to 
achieve desirable read/write characteristics. 
[0309] To this end, for example, the optical disk 101 
includes stacked data storage layers each of which is 
readable/writeable separately from the other data stor- 
age layers and each data storage layer has an address 
area 104 in which address pits 112 are collectively 
formed. The second data storage layer of the optical 
disk 101 is readable/writeable using light transmitted 
through the first data storage layer. The address area 
104 of the first data storage layer has a continuous stor- 
age area 114 where the transmittance has varied and a 
non-recorded area where the transmittance has not var- 
ied. Thus, the quantity of light transmitted through the 
address area 1 04 is made closer to the quantity of light 
transmitted through the non-address area 105. 
[0310] An optical storage medium of the present in- 
vention includes stacked multiple data storage layer 
each of which is readable/writeable separately from the 
other data storage layers by means of only a light beam 
striking one side of the optical storage medium, each of 
the data storage layers having address tracks and at 
least one address area where there are collectively 
formed address information portions representing ad- 
dress information, the optical storage medium exhibiting 
an optical transmittance which varies when data is writ- 
ten by means of the incident light, and is arranged so 
that one of every adjacent two of the address tracks in 
the address area of a first data storage layer is contin- 



uously recorded by means of the incident light, and the 
other is unrecorded, the first data storage layer being 
one of the data storage layers which is located closest 
to a light-striking surface of the optical storage medium, 
a second data storage layer being another of the data 
storage layers which is located next to the first data stor- 
age layer, opposite the light-striking surface. 
[0311] In addition, an optical read/write apparatus of 
the present invention causes a read/write light beam 
from illuminating means to strike only one side of an op- 
tical storage medium including multiple stacked data 
storage layers each of which is readable/writeable sep- 
arately from the other data storage layers by means of 
only a light beam striking one side of the optical storage 
medium, each of the data storage layers having multiple 
address tracks and at least one address area where 
there are collectively formed address information por- 
tions representing address information, the optical stor- 
age medium exhibiting an optical transmittance which 
varies when data is written by means of the light beam, 
and is arranged so that the optical read/write apparatus 
includes controlling means for controlling the illuminat- 
ing means so that one of every adjacent two of the ad- 
dress tracks in the address area of a first data storage 
layer is continuously recorded by means of the incident 
light, and the other one is unrecorded, the first data stor- 
age layer being one of the data storage layers which is 
located closest to a light-striking surface of the medium, 
a second data storage layer being another of the data 
storage layers which is located next to the first data stor- 
age layer; opposite the light-striking surface. 
[0312] In addition, an optical read/write method of the 
present invention includes the step of causing a read/ 
write light beam to strike only one side of an optical stor- 
age medium including multiple stacked data storage lay- 
ers each of which is readable/writeable separately from 
the other data storage layers by means of only a light 
beam striking one side of the optical storage medium, 
each of the data storage layers having multiple address 
tracks and at least one address area where there are 
collectively formed address information portions repre- 
senting address information, the optical storage medi- 
um exhibiting an optical transmittance which varies 
when data is written by means of the light beam, and is 
arranged so as to further include the step of continuous- 
ly recording one of every adjacent two of the address 
tracks in the address area of a first data storage layer 
by means of the incident light, while leaving the other 
one unrecorded, the first data storage layer being one 
of the data storage layers which -is located closest to a 
light-striking surface of the medium, a second data stor- 
age layer being another of the data storage layers which 
is located next to the first data storage layer, opposite 
the light-striking surface. 

[0313] According to the arrangement, one of every 
adjacent two of the address tracks in the address area 
of the first data storage layer located close to the light- 
striking surface of the optical storage medium is contin- 
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uously recorded by means of the incident light, and the 
other is unrecorded. Therefore, in reading/writing in the 
second data storage layer, in a case where the light pro- 
jected to focus on the second data storage layer forms 
a light spot on the first data storage layer, the recorded 
area encompassed in the light spot of a non-address 
area in the recordable area of the first data storage layer, 
for example, the sum of the areas of the recording 
marks, is substantially equal to the sum of the continu- 
ously recorded areas encompassed in the light spot in 
the address area of the first data storage layer. 
[0314] Thus, the intensity of light projected on the sec- 
ond data storage layer after passing through the ad- 
dress area of the first data storage layer of the optical 
storage medium can be made substantially equal to the 
intensity of light projected on the second data storage 
layer after passing through the non-address area in the 
recordable area of the first data storage layer. As a re- 
sult, read/write operations on the second data storage 
layer become more stable and desirable. 
[031 5] In addition, if the address area of the first data 
storage layer of the optical storage medium is continu- 
ously recorded using the optical read/write apparatus of 
the present invention or the optical read/write method in 
the aforementioned manner, the cost of the optical disk 
can be reduced by reducing the manufacturing steps of 
the optical disk. 

[0316] The optical read/write apparatus may be ar- 
ranged so that the controlling means, after reproducing 
the address information, controls the illuminating means 
based on the obtained address information so that one 
of every adjacent two of the address tracks is continu- 
ously recorded and the other one is unrecorded. 
[0317] The optical read/write method may be ar- 
ranged so that after reproducing the address informa- 
tion, one of every adjacent two of the address tracks is 
continuously recorded and the other one is unrecorded, 
based on the obtained address information. 
[0318] According to the arrangement, one of every 
adjacent two of the address tracks is continuously re- 
corded and the other one is unrecorded, based on the 
address information derived from the address area. 
Therefore, the optical storage medium does not require 
a particular arrangement to determine whether the ad- 
dress track is to be continuously recorded or unrecord- 
ed. 

[0319] An optical storage medium of the present in- 
vention includes multiple stacked data storage layers 
each of which is readable/writeable separately from the 
other data storage layers by means of only a light beam 
striking one side of the optical storage medium, each of 
the data storage layers having address tracks and at 
least one address area where there are collectively 
formed address information portions representing ad- 
dress information, the optical storage medium exhibiting 
an optical transmittance which varies when data is writ- 
ten by means of the light beam, and is arranged so that 
each of the address tracks in the address area of a first 



data storage layer has a judgement mark to show 
whether the address track is to be continuously record- 
ed or left unrecorded, the first data storage layer being 
one of the data storage layers which is located closest 
5 to a light-striking surface of the medium, a second data 
storage layer being another of the data storage layers 
which is located next to the first data storage layer, op- 
posite the light-striking surface. 
[0320] In addition, an optical read/write apparatus of 
the present invention causes a read/write light beam 
from illuminating means to strike only one side of the 
optical storage medium, and is arranged so as to include 
controlling means for determining based on information 
reproduced from the judgement mark whether each of 
the address tracks in the address area is to be continu- 
ously recorded or left unrecorded and controlling the il- 
luminating means according to a result of the determi- 
nation so that each of the address tracks is to be either 
continuously recorded or left unrecorded. 
[0321] In addition, an optical read/write method of the 
present invention includes the step of causing a read/ 
write light beam to strike only one side of the optical stor- 
age medium, and is arranged so as to further include 
the steps of determining based on information repro- 
duced from the judgement mark whether each of the ad- 
dress tracks in the address area is to be continuously 
recorded or left unrecorded and controlling according to 
a result of the determination so that each of the address 
tracks is to be continuously recorded by means of the 
incident light or left unrecorded. 
[0322] According to the arrangement, each of the ad- 
dress tracks in the address area of the first data storage 
layer located on the light-striking side of the optical stor- 
age medium has a judgement mark showing whether 
the address track should be continuously recorded or 
left unrecorded. The optical read/write apparatus in 
which the optical storage medium is loaded can readily 
form based on the judgement mark a continuously re- 
corded area in an address area of the first data storage 
layer of the optical storage medium. 
[0323] In addition, the optical read/write apparatus 
can immediately determine based on the judgement 
mark whether to continuously record the address track 
and therefore quickly complete the process to continu- 
ously record the address track in the address area. 
[0324] In addition, the judgement mark is specified to 
change into the following state, provided that an area in 
a non-address area is continuously recorded based on 
an instruction from the judgement mark. That is, the 
judgement mark is specified so that in reading/writing in 
the second data storage layer, in a case where the light 
projected to focus on the second data storage layer 
forms a light spot on the first data storage layer, the re- 
corded area encompassed in the light spot of a non-ad- 
dress area in the recordable area of the first data storage 
layer, for example, the sum of the areas of the recording 
marks, is substantially equal to the sum of the continu- 
ously recorded areas encompassed in the light spot in 
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the address area of the first data storage layer. To this 
end, the judgement mark shows that, for example, one 
of every adjacent two of the address tracks in, for ex- 
ample, the first data storage layer is continuously re- 
corded and the other one is left unrecorded. As a result, 5 
using the optical storage medium of the present inven- 
tion, read/write operations on the second data storage 
layer become more stable and desirable. 
[0325] In addition, according to the optical read/write 
apparatus of the present invention or the optical read/ 
write method, the process of continuously recording the 
address area of the first data storage layer of the optical 
storage medium can be implemented after the shipment 
of the optical storage medium in the aforementioned 
manner, and the cost of the optical storage medium can 
be reduced by reducing the manufacturing steps of the 
optical storage medium. 

[0326] An optical storage medium of the present in- 
vention includes multiple stacked data storage layers 
each of which is readable/writeable on both a land and 
a groove formed on the data storage layer separately 
from the other data storage layers by means of only a 
light beam striking one side of the optical storage medi- 
um, each of the data storage layers having multiple ad- 
dress tracks and 

at least one address area where there are collectively 
formed address information portions representing ad- 
dress information, the optical storage medium exhibiting 
an optical transmittance which varies when data is writ- 
ten by means of the light beam, and is arranged so that: 
among the address tracks in the address area of a first 
data storage layer, either those address tracks which ex- 
tend from the land or those address tracks which extend 
from the groove are continuously recorded by means of 
the incident light, and the others are unrecorded, the first 
data storage layer being one of the data storage layers 
which is located closest to a light-striking surface of the 
medium, a second data storage layer being another of 
the data storage layers which is located next to the first 
data storage layer, opposite the light-striking surface. 
[0327] In addition, an optical read/write apparatus of 
the present invention causing a read/write light beam 
from illuminating means to strike only one side of an op- 
tical storage medium including multiple stacked data 
storage layers each of which is readable/writeable on 
both a land and a groove formed on the data storage 
layer separately from the other data storage layer by 
means of a light beam striking one side of the optical 
storage medium, each of the data storage layers having 
multiple address tracks and at least one address area 
where there are collectively formed address information 
portions representing address information, the optical 
storage medium exhibiting an optical transmittance 
which varies when data is written by means of the light 
beam, and is arranged to include controlling means for 
controlling the illuminating means so that in the address 
area of a first data storage layer, either those address 
tracks which extend from the land or those which extend 



from the groove are continuously recorded by means of 
the incident light, and the others are unrecorded, the first 
data storage layer being one of the data storage layers 
which is located closest to a light-striking surface of the 
medium, a second data storage layer being another of 
the data storage layers which is located next to the first 
data storage layer, opposite the light-striking surface. 
[0328] In addition, an optical read/write method of the 
present invention includes the step of causing a read/ 
write light beam to strike only one side of an optical stor- 
age medium including multiple stacked data storage lay- 
ers each of which is readable/writeable on both a land 
and a groove formed on the data storage layer sepa- 
rately from the other data storage layers by means of 
only a light beam striking one side of the optical storage 
medium, each of the data storage layers having multiple 
address tracks and at least one address area where 
there are collectively formed address information por- 
tions representing address information, the optical stor- 
age medium exhibiting an optical transmittance which 
varies when data is written by means of the light beam, 
and is arranged so that in the address area of a first data 
storage layer, either those address tracks which extend 
from the land or those which extend from the groove are 
continuously recorded t by means of the incident light, 
and there others are unrecorded, the first data storage 
layer being one of the data storage layers which is lo- 
cated closest to a light-striking surface of the medium, 
a second data storage layer being another of the data 
storage layers which is located next to the first data stor- 
age layer, opposite the light-striking surface. 
[0329] According to the arrangement, in the address 
area of the first data storage layer on the light-striking 
side, either those address tracks which extend from the 
land or those which extend from the groove are contin- 
uously recorded when data is written by means of inci- 
dent light, and the others are left unrecorded. Therefore, 
in reading/writing on the second data storage layer, in a 
case where the light projected to focus on the second 
data storage layer forms a light spot on the first data 
storage layer, the recorded area encompassed in the 
light spot of a non-address area in the recordable area 
of the first data storage layer, for example, the sum of 
the areas of the recording marks, is substantially equal 
to the sum of the continuously recorded areas encom- 
passed in the light spot in the address area of the first 
data storage layer. 

[0330] Thus, the intensity of light transmitted through 
the address area of the first data storage layer before 
reaching the second data storage layer can be made 
substantially equal to the intensity of light transmitted 
through the non-address area in the recordable area of 
the first data storage layer before reaching the second 
data storage layer. As a result, read/write operations on 
the second data storage layer become more stable and 
desirable. 

[0331] An optical storage medium of the present in- 
vention includes multiple stacked data storage layers 
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each of which is readable/writeable on both a land and 
a groove formed on the data storage layer separately 
from the other data storage layers by means of only a 
light beam striking one side of the optical storage medi- 
um, each of the data storage layers having multiple ad- 
dress tracks and at least one address area where there 
are collectively formed address information portions 
representing address information, the optical storage 
medium exhibiting an optical transmittance when data 
is written by means of the light beam, and is arranged 
so that: in a first data storage layer, the address area 
has a first address area and a second address area 
which are adjacent to each other along tracks, the first 
data storage layer being one of the data storage layers 
which is located closest to a light-striking surface of the 
medium, a second data storage layer being another of 
the data storage layers which is located next to the first 
data storage layer, opposite the light-striking surface; 
the address information portions in either the first and 
second address areas are formed in those address 
tracks which extend from the land, and the address in- 
formation portions in the other one of the first and sec- 
ond address areas are formed in those address tracks 
which extend from the groove; and either an area where 
the address information portions are formed or an area 
where no address information portions are formed is 
continuously recorded. 

[0332] In addition, an optical read/write apparatus of 
the present invention causes a read/write light beam 
from illuminating means to strike only one side of an op- 
tical storage medium including multiple stacked data 
storage layers each of which is readable/writeable on 
both a land and a groove formed on the data storage 
layer separately from the other data storage layers by 
means of only a light beam striking one side of the op- 
tical storage medium, each of the data storage layers 
having multiple address tracks and at least one address 
area where there are collectively formed address infor- 
mation portions representing address information, the 
optical storage medium exhibiting an optical transmit- 
tance which varies when data is written by means of the 
light beam, and is arranged so as to include controlling 
means for controlling the illuminating means so that: in 
a first data storage layer, the address area has a first 
address area and a second address area which are ad- 
jacent to each other along tracks, the first data storage 
layer being one of the data storage layers which is lo- 
cated closest to a light-striking surface of the medium, 
a second data storage layer being another of the data 
storage layers which is located next to the first data stor- 
age layer, opposite the light-striking surface; and when 
the address information portions in either one of the first 
and second address areas are formed in those address 
tracks which extend from the land, and the address in- 
formation portions in the other one of the first and sec- 
ond address areas are formed in those address tracks 
which extend from the groove, either an area where the 
address information portions are formed or an area 



where no address information portions are formed is 
continuously recorded in the first and second address 
areas. 

[0333] In addition, an optical read/write method of the 

5 present invention comprises the step of causing a read/ 
write light beam to strike only one side of an optical stor- 
age medium including multiple stacked data storage lay- 
ers each of which is readable/writeable on both a land 
and a groove formed on the data storage layer by means 

10 of only a light beam striking one side of the optical stor- 
age medium, each of data storage layers having multi- 
ple address tracks and at least one address area where 
there are collectively formed address information por- 
tions representing address information, the optical stor- 
es age medium exhibiting an optical transmittance which 
varies when data is written by means of the light beam, 
and is arranged so that: in a first data storage layer, the 
address area has a first address area and a second ad- 
dress area which are adjacent to each other along 

20 tracks, the first data storage layer being one of the data 
storage layers which is located closest to a light-striking 
surface of the medium, a second data storage layer be- 
ing another of the data storage layers which is located 
next to the first data storage layer, opposite the light- 

25 striking surface; and the method further comprises the 
steps of, when the address information portions in either 
one of the first and second address areas are formed in 
those address tracks which extend from the land, and 
the address information portions in the other one of the 

30 first and second address areas are formed in those ad- 
dress tracks which extend from the groove, continuously 
recording either an area where the address information 
portions are formed or an area where no address infor- 
mation portions are formed in the first and second ad- 

35 dress areas by means of the incident light. 

[0334] According to the arrangement, the address ar- 
ea of the first data storage layer located on the light- 
striking side of the optical storage medium is made of a 
first address area and a second address area which are 

40 adjacent to each other along tracks; the address infor- 
mation portions in either one of the first and second ad- 
dress areas are formed in those address tracks which 
extend from the land, and the address information por- 
tions in the other one of the first and second address 

45 areas are formed in those address tracks which extend 
from the groove; and either an area where the address 
information portions are formed or an area where no ad- 
dress information portions are formed is continuously 
recorded. Therefore, in reading/writing on the second 

50 data storage layer, in a case where the light projected 
to focus on the second data storage layer forms a light 
spot on the first data storage layer, the recorded area 
encompassed in the light spot of a non-address area in 
the recordable area of the first data storage layer, for 

55 example, the sum of the areas of the recording marks, 
is substantially equal to the sum of the continuously re- 
corded areas encompassed in the light spot in the ad- 
dress area of the first data storage layer. 
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[0335] Thus, the intensity of light transmitted through 
the address area of the first data storage layer before 
reaching the second data storage layer can be made 
substantially equal to the intensity of light transmitted 
through the non-address area in the recordable area of 
the first data storage layer before reaching the second 
data storage layer. As a result, read/write operations on 
the second data storage layer become more stable and 
desirable. 

[0336] In addition, 

if the address area of the first data storage layer of the 
optical storage medium is continuously recorded using 
the optical read/write apparatus of the present invention 
or the optical read/write method in the aforementioned 
manner, the cost of the optical storage medium can be 
reduced by reducing the manufacturing steps of the op- 
tical storage medium. 

[0337] In addition, the present invention enables sta- 
ble read/write of information on an optical disk with two 
or more storage layers without being affected by prepit 
areas. 

[0338] To this end, the optical disk 201 includes a first 
storage layer 215 and a second storage layer 213. an 
outer prepit area 206b as a prepit area is provided out- 
side the outer periphery the recordable area 203b of the 
second storage layer 21 3. Predetermined information is 
stored in the outer prepit area 206b in advance using 
pits. Prepit information is reproduced by transmitting a 
light beam 217 through a recordable area 203b of the 
first storage layer 215 where the optical transmittance 
is high due to recording to the full capacity and then fo- 
cusing on the outer prepit area 206b. The provision of 
the outer prepit area 206b on the second storage layer 
21 3 enables data to be read from and write into the sec- 
ond storage layer 213 without being affected by prepit 
areas. 

[0339] An optical storage medium of the present in- 
vention is preferably such that each of the data storage 
layers except for the last data storage layer has a pseu- 
do-recording area at such a position that allows light to 
be transmitted to the prepit area, the pseudo-recording 
area, when fully prerecorded, exhibiting a higher optical 
transmittance than other areas. 
[0340] In this manner, a pseudo-recording area, when 
fully prerecorded, exhibiting a higher optical transmit- 
tance than other areas is provided at such a position 
that allows light to be transmitted to the prepit area, the 
pseudo-recording area; therefore, the light striking the 
light-striking side storage layer can reach the prepit area 
after passing through the pseudo-recording area of any 
data storage layer, but the last data storage layer. There- 
fore, the intensity of the reproduction signal of the prepit 
information reproduced from prepit area does not fall. 
Therefore, the amplitude of the reproduction signal of 
the prepit information can be made greater. 
[0341] Another optical read/write apparatus of the 
present invention causes a read/write light beam from 
illuminating means to strike only one side of the optical 



storage medium, and is arranged so as to include: low 
frequency variation removing means for removing low 
frequency variations from the reproduction signal ob- 
tained from the prepit area; and digital converting means 

5 for converting the reproduction signal from which the low 
frequency variations are removed to a digital signal us- 
ing the constant voltage as a reference. 
[0342] In addition, an optical read/write method of the 
present invention includes the step of causing a read/ 

10 write light beam from illuminating means to strike only 
one side of the optical storage medium, and is arranged 
so as to further include the steps of removing low fre- 
quency variations from the reproduction signal obtained 
from the prepit area; and converting the reproduction 

15 signal from which the low frequency variations are re- 
moved to a digital signal using a constant voltage as a 
reference. 

[0343] According to the apparatus and method, the 
reproduction signal obtained from reading off the prepit 

20 area is rid of low frequency variations by low frequency 
variation removing means. The reproduction signal, 
from which low frequency variations are removed, has 
an envelope whose mean level is substantially constant. 
Thereafter, the reproduction signal is converted to a dig- 

25 jtal signal by digital converting means using the constant 
voltage as a reference. In this manner, the envelope 
comes to have a substantially constant mean level, in 
converting a reproduction signal to a digital signal, the 
constant voltage can be used as a reference. Therefore, 

30 the digital conversion can be carried out without being 
affected by variations in amplitude of the reproduction 
signal. For example, as mentioned in the foregoing, in- 
cident light illuminating a recorded part and a non-re- 
corded part of the first storage layer is focused on the 

35 second storage layer, a digital signal can be produced 
stably from the reproduction signal even if the intensity 
of the reproduction signal of the prepit information varies 
with the rotation of the optical storage medium. There- 
fore, the prepit information of the second storage layer 

40 of the optical storage medium can be stably reproduced. 
[0344] An optical read/write apparatus of the present 
invention causes a read/write light beam from illuminat- 
ing means to strike only one side of the storage medium 
having the pseudo-recording area, and is arranged so 

45 as to include: recording status checking means for 
checking whether the pseudo-recording area is fully re- 
corded or not based on a reproduction signal obtained 
from the pseudo-recording area; and pseudo-recording 
means for fully recording data in the pseudo-recording 

50 area if the pseudo-recording area is not fully recorded. 
[0345] In addition, an optical read/write method of the 
present invention includes the step of causing a read/ 
write light beam from illuminating means to strike only 
one side of the storage medium with the pseudo-record- 

55 ing area, and is arranged so as to further include the 
steps of fully recording the pseudo-recording area so 
that the pseudo-recording area transmits light there- 
through to the prepit area. 
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[0346] According to the apparatus and method, the 
recording status checking means checks whether or not 
the pseudo-recording area is fully recorded. If the check 
turns out that the pseudo-recording area is not fully re- 
corded, the pseudo-recording means fully recorded the 
pseudo-recording area. Thus, the pseudo-recording ar- 
ea of the optical storage medium is formed by the optical 
read/write apparatus, and there is no need to form a 
pseudo-recording area on the optical storage medium 
in advance before shipment. Therefore, the cost of the 
optical storage medium can be reduced. 
[0347] Another optical storage medium of the present 
invention includes: one light-striking side storage layer 
provided as a data storage layer on a light-striking side; 
and one or more opposite-side storage layers provided 
as data storage layers opposite the light-striking side 
from the light-striking side storage layer, and is arranged 
so that: the light-striking side storage layer has a prepit 
area which includes preformed pits representative of da- 
ta: and an optically transparent recordable area of the 
light-striking side storage layer is formed wider than the 
optically transparent recordable areas of the opposite- 
side storage layers. 

[0348] With the arrangement, the recordable areas of 
the opposite-side storage layers are smaller than the re- 
cordable area on the light-striking side. Therefore, in a 
case where the prepit area is provided adjacent to the 
recordable area on the light-striking side storage layer, 
light transmitted through the prepit area does not enter 
the recordable areas of the opposite-side storage lay- 
ers. In addition, since light transmitted near the border 
between the recordable area of the light-striking side 
storage layer and the prepit area is focused on the re- 
cordable areas of the opposite-side storage layers, even 
if the recordable areas of the opposite-side storage lay- 
ers are small as mentioned in the foregoing, the light 
can be transmitted only through the recordable area of 
the light-striking side storage layer and focused on the 
recordable areas of the opposite-side storage layers. 
Therefore, data can be stably read from and written into 
the last data storage layer without being affected by the 
prepit area. 

[0349] Another optical storage medium of the present 
invention includes: one light-striking side storage layer 
provided as a data storage layer on a light-striking side; 
and one or more opposite-side storage layers provided 
as data storage layers opposite the light-striking side 
from the light-striking side storage layer, and is arranged 
so that: the light-striking side storage layer has a prepit 
area which includes preformed pits representative of da- 
ta; and the prepit area allows transmission of light so 
that light reaches the opposite-side storage layers, at a 
transmittance substantially equal to that of a recordable 
area of the light-striking side storage layer. 
[0350] With the arrangement, since the prepit area al- 
lows light to be transmitted at a transmittance substan- 
tially equal that as the transmittance of the recordable 
area of the light-striking side storage layer, the light 



passing through the recordable area and through the 
prepit area has substantially the same intensity. There- 
fore, data can be read from and written to the last data 
storage layer stably without being affected by the prepit 
5 area. 

[0351] The storage medium in which the prepit area 
is provided in the light-striking side storage layer is pref- 
erably such that the recordable areas of the data storage 
layers except for the last data storage layer which is 
10 most distanced from the light-striking side storage layer 
exhibit, when fully recorded, higher optical transmittanc- 
es than other areas. 

[0352] With the arrangement, in projecting read/write 
light to the recordable areas of the data storage layers 

15 except for the last data storage layer, the recordable ar- 
eas come to have higher optical transmittances than 
other areas upon completion of recording. Therefore, 
keeping the recordable area fully recorded enables the 
light passing through the recordable areas to remain 

20 sufficiently intense until it reaches a target data storage 
layer. Therefore, data can be stably read and written on 
an optical storage medium with multiple storage layers. 
[0353] An optical read/write apparatus causing a 
read/write light beam from illuminating means to strike 

25 only one side of the optical storage medium includes 
controlling means for controlling the illuminating means 
so that the recordable area of the light-striking side stor- 
age layer is fully recorded before the recordable areas 
of the opposite-side storage layers which are adjacent 

30 to the light-striking side storage layer is read/written. 
[0354] In addition, an optical read/write method in- 
cluding the step of causing a read/write light beam from 
illuminating means to strike only one side of the optical 
storage medium includes the steps of fully recording the 

35 recordable area of the light-striking side storage layer 
and subsequently reading or writing in the recordable 
areas of the opposite-side storage layers which are ad- 
jacent to the light-striking side storage layer. 
[0355] In reading or writing on the optical storage me- 

40 dium using such an apparatus or method, the controlling 
means controls the illuminating means so that the re- 
cordable area of the light-striking side storage layer fully 
recorded before the recordable area of a target oppo- 
site-side storage layer is read or written. Therefore, in 

45 reading or writing the opposite-side storage layers, the 
light passing through the light-striking side storage layer 
remains sufficiently intense until it reaches the opposite- 
side storage layers. Therefore, data can be stably read 
and written on the optical storage medium. 

50 [0356] An optical storage medium having the trans- 
parent prepit area is preferably such that the prepit area, 
under such illumination to fully record the prepit area 
substantially identically to the recordable area, exhibits 
a high optical transmittance substantially equal to that 

55 of the recordable area. 

[0357] With such an arrangement, the prepit area, 
when fully recorded under illumination, comes to exhibit 
a similar optical transmittance to that of the recordable 
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area. Therefore, the light passing through the recorda- 
ble area and through the prepit area has substantially 
the same intensity. Therefore, data can be read from 
and written to the last data storage layer stably. 
[0358] With this optical storage medium, preferably, 
on a pit row of the pits in the prepit area, there is formed 
a continuous, fully recorded storage area with neither 
the pits nor intervening portions between the pits left un- 
recorded, so that a fully recorded portion occupies a 
substantially equal area in a part where light is concen- 
trated in the recordable area and in a part where light is 
concentrated in the prepit area. 
[0359] With the arrangement, light forms a beam spot 
in both the recordable area and the prepit area as it 
strikes the recordable area and the prepit area of the 
light-striking side storage layer. The continuous storage 
area is formed on the pit row so that the area of the re- 
corded portion in a part where light is concentrated in 
the beam spot is substantially equal between the record- 
able area and the prepit area. Therefore, light transmit- 
ted through the recordable area and the prepit area has 
similar intensity. Therefore, data can be stably read from 
or written into the last data storage layer. 
[0360] An optical read/write apparatus causing a 
read/write light beam from illuminating means to strike 
only one side of the optical storage medium of which the 
prepit area exhibits a high optical transmittance under 
illumination includes: continuous storage area checking 
means for checking based on a signal reproduced from 
the prepit area whether or not the prepit area has a con- 
tinuous storage area where areas interposed between 
the pits are continuously and fully recorded as to a pit 
row of the pits; and continuous recording means for per- 
forming such recording that on the pit row in the prepit 
area where the continuous storage area is not present, 
there is formed the continuous storage area so that a 
fully recorded portion occupies a substantially equal ar- 
ea in a part where light is concentrated in the recordable 
area and in a part where light is concentrated in the pre- 
pit area. 

[0361] In addition, an optical read/write method in- 
cluding the step of causing a read/write light beam from 
illuminating means to strike only one side of the optical 
storage medium further includes the step of performing 
such recording that on the pit row in the prepit area 
where the continuous storage area is not present, there 
is formed the continuous storage area where areas in- 
terposed between the pits are continuously and fully re- 
corded as to a pit row of the pits so that a fully recorded 
portion occupies a substantially equal area in a part 
where light is concentrated in the recordable area and 
in a part where light is concentrated in the prepit area. 
[0362] With the apparatus and method, the continu- 
ous storage area checking means checks whether there 
is a continuous storage area. If the check turns out that 
there is a continuous storage area, the continuous re- 
cording means performs recording to form a continuous 
storage area. Thus, the formation of a continuous stor- 



age area on the optical storage medium using the optical 
read/write apparatus eliminates the need to form a con- 
tinuous storage area on the optical storage medium in 
advance before shipment. Therefore, the cost of the op- 

5 tical storage medium can be reduced. 

[0363] The invention being thus described, it will be 
obvious that the same way may be varied in many ways. 
Such variations are not to be regarded as a departure 
from the spirit and scope of the invention, and all such 

10 modifications as would be obvious to one skilled in the 
art are intended to be included within the scope of the 
following claims. 



15 Claims 

1 . An optical storage medium, comprising stacked da- 
ta storage layers (8, 10) each of which is readable/ 
writeable separately from the other layers by means 

20 of only a light beam striking one side of the optical 
storage medium, wherein 

a recordable area (3a) of a first data storage 
layer (1 0) has adjacent to an end thereof an extend- 
ed area (62) covering more than an area directly 

25 above a recordable area (3a) of a second data stor- 
age layer (8) in a direction in which the first and sec- 
ond data storage layers (8, 1 0) are stacked, the first 
data storage layer (10) being one of the data stor- 
age layers (8, 1 0) which is located closest to a light- 

30 striking surface of the medium, the second data 
storage layer (8) being another of the data storage 
layers (8, 10) which is located next to the first data 
storage layer (10), opposite the light-striking sur- 
face. 

35 

2. The optical read/write apparatus as set forth in 
claim 1, wherein 

the extended area (62) is a pseudo-recording 
area (72) which is fully prerecorded. 

40 

3. The optical read/write apparatus as set forth in 
claim 2, wherein 

the pseudo-recording area (72) stores identi- 
fication information which is unique to the optical 
45 storage medium and by which the optical storage 
medium is distinguished from other optical storage 
media. 

4. The optical read/write apparatus as set forth in 
50 claim 2, wherein 

the pseudo-recording area (72) stores en- 
cryption information by which data is encrypted be- 
fore being recorded in the optical storage medium. 

55 5. The optical read/write apparatus as set forth in 
claim 3 or 4, wherein 

information in the pseudo-recording area (72) 
is not rewriteable. 
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6. An optical read/write apparatus causing a read/ 
write light beam from illuminating means (34) to 
strike only one side of the optical storage medium 
as set forth in claim 1, 

the apparatus comprising controlling means 5 
(35) for controlling the illuminating means (34) so 
that the extended area (62) of the optical storage 
medium is fully recorded before a recordable area 
(3a) of the first data storage layer (1 0) of the optical 
storage medium is recorded except for the extend- 10 
ed area. 

7. An optical read/write apparatus causing a read/ 
write light beam from illuminating means (35) to 
strike only one side of the optical storage medium 15 
as set forth in claim 4, 

the apparatus comprising: 

encrypting means (35) for encrypting data to be 
recorded in the optical storage medium using 20 
the encryption information stored in the pseu- 
do-recording area (72); and 
controlling means (35) for controlling the illumi- 
nating means (34) so that data is encrypted by 
the encrypting means (35) before being record- 25 
ed in any of the data storage layers (8, 10). 

8. An optical read/write apparatus causing a read/ 
write light beam from illuminating means (34) to 
strike only one side of the optical storage medium 30 
as set forth in claim 1 , 

the apparatus comprising: 

identification information storing means (35) for 
storing identification information which is 35 
unique to the optical read/write apparatus and 
by which the optical read/write apparatus is dis- 
tinguished from other optical read/write appa- 
ratuses; and 

controlling means (35) for controlling the illumi- 40 
nating means (34) so that the optical storage 
medium holds the identification information in 
the extended area (62). 

9. The optical read/write apparatus as set forth in 45 
claim 8, further comprising checking means (35) for 
checking whether the identification information re- 
trieved from the extended area (62) of the optical 
storage medium matches the identification informa- 
tion of the optical read/write apparatus stored in the 50 
identification information storing means (35), 
wherein 

the controlling means (35) controls the illumi- 
nating means (34) in reproducing data from the op- 
tical storage medium so as to read identification in- 55 
formation stored in the extended area (62) of the 
optical storage medium, and only when the check- 
ing means (35) determines as a result of the check 



that the two sets of identification information match, 
allows data to be read from the recordable area (3) 
other than the extended area (62) of any of the data 
storage layers (8, 10). 

10. An optical read/write apparatus causing a read/ 
write light beam from illuminating means (34) to 
strike only one side of an optical storage medium 
as set forth in claim 1, 

the apparatus comprising: 

encryption information storing means (35) for 
storing encryption information by which data is 
encrypted before being recorded in the optical 
storage medium; and 

controlling means (35) for controlling the illumi- 
nating means (34) so that the optical storage 
medium holds the encryption information in the 
extended area. 

11. The optical read/write apparatus as set forth in 
claim 10, further comprising encrypting means (35) 
for encrypting data to be recorded in the optical stor- 
age medium using the encryption information 
stored in the extended area (62), wherein 

the controlling means (35) controls the illumi- 
nating means (34) so that data is encrypted by the 
encrypting means (35) before being recorded in any 
of the data storage layers (8, 10). 

12. The optical read/write apparatus as set forth in 
claim 11, wherein 

the controlling means (35) controls so as to 
allow reproduction of only recorded data which is 
encrypted using encryption information which is 
identical to the encryption information stored in the 
encryption information storing means (35). 

13. An optical read/write apparatus causing a read/ 
write light beam from illuminating means (34) to 
strike only one side of the optical storage medium 
as set forth in claim 1, 

the apparatus comprising controlling means 
(35) for controlling the illuminating means (34) so 
as to test write data in the extended area (62). 

14. An optical read/write method using an optical stor- 
age medium including stacked data storage layers 
(8, 10) each of which is readable/writeable sepa- 
rately from the other layers by means of only a light 
beam striking one side of the optical storage medi- 
um, wherein: 

the optical storage medium is such that a re- 
cordable area (3a) of a first data storage layer 
(10) has adjacent to an end thereof an extend- 
ed area (62) covering more than an area direct- 
ly above a recordable area (3a) of a second da- 



37 



73 



EP 1 258 868 A2 



74 



ta storage layer (8) in a direction in which the 
first and second data storage layers (10) are 
stacked, the first data storage layer (10) being 
one of the data storage layers (8, 10) which is 
located closest to a light-striking surface of the 
medium, the second data storage layer (8) be- 
ing another of the data storage layers (8, 10) 
which is located next to the first data storage 
layer (10), opposite the light-striking surface; 
and 

the method comprises the step of fully record- 
ing the extended area (62) before recording a 
recordable area (3a) of the first data storage 
layer (10) of the optical storage medium except 
for the extended area (62). 

15. An optical read/write method using an optical stor- 
age medium including stacked data storage layers 
(8, 10) each of which is readable/writeable sepa- 
rately from the other layers by means of only a light 
beam striking one side of the optical storage medi- 
um, wherein: 

the optical storage medium is such that: a re- 
cordable area (3a) of a first data storage layer 
(10) has adjacent to an end thereof an extend- 
ed area (62) covering more than an area direct- 
ly above a recordable area (3a) of a second da- 
ta storage layer (8) in a direction in which the 
first and second data storage layers (8, 1 0) are 
stacked, the first data storage layer (10) being 
one of the data storage layers (8, 10) which is 
located closest to a light-striking surface of the 
medium, the second data storage layer (8) be- 
ing another of the data storage layers (8, 10) 
which is located next to the first data storage 
layer (10), opposite the light-striking surface; 
the extended area (62) is a pseudo-recording 
area (72) which is fully prerecorded; and the 
pseudo-recording area (72) stores encryption 
information by which data is encrypted before 
being recorded in the optical storage medium; 
and 

the method comprises the step of encrypting 
data using the encryption information stored in 
the pseudo-recording area (72) before record- 
ing the data in any of the data storage layers 
(8, 10) of the optical storage medium. 

16. An optical read/write method using an optical stor- 
age medium including stacked data storage layers 
(8, 10) each of which is readable/writeable sepa- 
rately from the other layers by means of only a light 
beam striking one side of the optical storage medi- 
um, wherein: 

the optical storage medium is such that a re- 
cordable area (3a) of a first data storage layer 



(10) has adjacent to an end thereof an extend- 
ed area (62) covering more than an area direct- 
ly above a recordable area (3a) of a second da- 
ta storage layer (8) in a direction in which the 
first and second data storage layers (8, 1 0) are 
stacked, the first data storage layer (10) being 
one of the data storage layers (8, 10) which is 
located closest to a light-striking surface of the 
medium, the second data storage layer (8) be- 
ing another of the data storage layers (8, 10) 
which is located next to the first data storage 
layer (10), opposite the light-striking surface; 
and 

the method comprises the step of storing in the 
extended area (62) identification information 
which is unique to an optical read/write appa- 
ratus performing read/write from/into the opti- 
cal storage medium and by which the optical 
read/write apparatus is distinguished from oth- 
er optical read/write apparatuses. 

17. The optical read/write method as set forth in claim 
16, comprising the steps of: 

reading the identification information from the 
extended area (62) of the optical storage medi- 
um in reproducing data from the optical storage 
medium; 

checking whether or not the identification infor- 
mation read from the extended area (62)match- 
es the identification information of the optical 
read/write apparatus; and 
only when the two sets of identification informa- 
tion match, allowing data to be read from the 
recordable area (3a) other than the extended 
area (62) of any of the data storage layers (8, 
10). 

18. An optical read/write method using an optical stor- 
age medium including stacked data storage layers 
(8, 10) each of which is readable/writeable sepa- 
rately from the other layers by means of only a light 
beam striking one side of the optical storage medi- 
um, wherein: 

the optical storage medium is such that a re- 
cordable area (3a) of a first data storage layer 
(10) has adjacent to an end thereof an extend- 
ed area (62) covering more than an area direct- 
ly above a recordable area (3a) of a second da- 
ta storage layer (8) in a direction in which the 
first and second data storage layers (10, 8) are 
stacked, the first data storage layer (10) being 
one of the data storage layers (8, 10) which is 
located closest to a light-striking surface of the 
medium, the second data storage layer (8) be- 
ing another of the data storage layers (8, 10) 
which is located next to the first data storage 
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layer (10), opposite the light-striking surface; 
and 

the method comprises the steps of: preparing 
encryption information by which data is en- 
crypted before being recorded in the optical 
storage medium; and recording the encryption 
information in the extended area (62). 

19. The optical read/write method as set forth in claim 

1 8, further comprising the steps of: encrypting data 
to be recorded in the optical storage medium using 
encryption information read from the extended area 
(62); and recording the encrypted data in the data 
storage layer (8, 10). 

20. The optical read/write method as set forth in claim 

19, further comprising the step of allowing repro- 
duction of only recorded data which is encrypted us- 
ing encryption information which is identical to the 
prepared encryption information. 

21. An optical read/write method using an optical stor- 
age medium including stacked data storage layers 
(8, 10) each of which is readable/writeable sepa- 
rately from the other layers by means of only a light 
beam striking one side of the optical storage medi- 
um, wherein: 

the optical storage medium is such that a re- 
cordable area (3a) of a first data storage layer 
(10) has adjacent to an end thereof an extend- 
ed area (62) covering more than an area direct- 
ly above a recordable area (3b) of a second da- 
ta storage layer (8) in a direction in which the 
first and second data storage layers (8, 1 0) are 
stacked, the first data storage layer (10) being 
one of the data storage layers (8, 10) which is 
located closest to a light-striking surface of the 
medium, the second data storage layer (8) be- 
ing another of the data storage layers (8, 10) 
which is located next to the first data storage 
layer (10), opposite the light-striking surface; 
the method comprises the step of test writing 
data in the extended area (62). 

22. An optical storage medium, comprising stacked da- 
ta storage layers (8, 10) each of which is readable/ 
writeable separately from the other layers by means 
of only a light beam striking one side of the optical 
storage medium, each of the data storage layers (8, 
10) having at least one address area (104) where 
there are collectively formed address information 
portions representing address information, the op- 
tical storage medium exhibiting an optical transmit- 
tance which varies when data is written by means 
of the light beam, wherein 

the address area (104) of a first data storage 
layer (10) includes a recorded area (114) exhibiting 



a varied transmittance and a non-recorded area ex- 
hibiting an original transmittance, the first data stor- 
age layer (10) being one of the data storage layers 
(8, 1 0 which is located closest to a light-striking sur- 
5 face of the medium, a second data storage layer (8) 
being another of the data storage layers (8, 10) 
which is located next to the first data storage layer 
(10), opposite the light-striking surface. 

10 23. The optical storage medium as set forth in claim 22, 
wherein: 

the address area (104) has a plurality of ad- 
dress tracks (113), and 
15 one of every adjacent two of the address tracks 

(113) in the address area (104) of the first data 
storage layer (10) is continuously recorded by 
means of the incident light, and the other one 
is unrecorded. 

20 

24. An optical storage medium, comprising stacked da- 
ta storage layers (8, 10) each of which is readable/ 
writeable separately from the other layers by means 
of only a light beam striking one side of the optical 

25 storage medium, each of the data storage layers (8, 
10) having address tracks (113) and at least one 
address area (104) where there are collectively 
formed address information portions representing 
address information, the optical storage medium 

30 exhibiting an optical transmittance which varies 
when data is written by means of the light beam, 
wherein 

each of the address tracks (113) in the ad- 
dress area (104) of a first data storage layer (10) 

35 has a judgement mark (1 33, 1 34) to show whether 
the address track (1 1 3) is to be continuously record- 
ed or left unrecorded, the first data storage layer 
(10) being one of the data storage layers (8, 10) 
which is located closest to a light-striking surface of 

40 the medium, a second data storage layer (8) being 
another of the data storage layers (8, 10) which is 
located next to the first data storage layer (10), op- 
posite the light-striking surface. 

45 25. The optical storage medium as set forth in claim 22, 
wherein: 

each of the stacked data storage layers (8, 10) 
is readable/writeable on both a land (143) and 
50 a groove (142) formed on the data storage lay- 

er; 

the address area (104) has a plurality of ad- 
dress tracks (113); and 

in the address area (104) of the first data stor- 
55 age layer (10), either those address tracks 

(113) which extend from the land (143) or those 
which extend from the groove (142) are contin- 
uously recorded by means of the incident light, 
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and the others are unrecorded. 

26. The optical storage medium as set forth in claim 24, 
wherein: 

5 

each of the stacked data storage layers (8, 10) 
is readable/writeable on both a land (143) and 
a groove (142) formed on the data storage lay- 
er; 

the address area (104) has address tracks 10 
(113); 

in the first data storage layer (10), the address 
area (104) has a first address area (144) and a 
second address area (145) which are adjacent 
to each other along tracks; 1$ 
the address information portions in either one 
of the first and second address areas (144, 145) 
are formed in those address tracks (113) which 
extend from the land (143), and the address in- 
formation portions in the other one of the first 20 
and second address areas (144, 145) are 
formed in those address tracks (113) which ex- 
tend from the groove (142); and 
either an area where the address information 
portions are formed or an area where no ad- 25 
dress information portions are formed is contin- 
uously recorded. 

27. An optical read/write apparatus causing a read/ 
write light beam from illuminating means (34) to 30 
strike only one side of an optical storage medium 
including stacked data storage layers (8, 10) each 

of which is readable/writeable separately from the 
other layers by means of only a light beam striking 
one side of the optical storage medium, each of the 35 
data storage layers (8, 10) having at least one ad- 
dress area (104) where there are collectively 
formed address information portions representing 
address information, the optical storage medium 
exhibiting an optical transmittance which varies 40 
when data is written by means of the light beam, 

the optical read/write apparatus comprising 
controlling means (35) for controlling the illuminat- 
ing means (34) so that the address area (104) of 
the first data storage layer (10) includes a recorded 45 
area (114) exhibiting a varied transmittance and a 
non-recorded area exhibiting an original transmit- 
tance, the first data storage layer (10) being one of 
the data storage layers which is located closest to 
a light-striking surface of the medium, a second da- so 
ta storage layer (8) being another of the data stor- 
age layers which is located next to the first data stor- 
age layer, opposite the light-striking surface. 

28. The optical read/write apparatus as set forth in 55 
claim 27, wherein: 

the storage medium is such that the address 



area (104) has address tracks (113); and 
the controlling means (35) controls the illumi- 
nating means (34) so that in the address area 
(104) of the first data storage layer (10), either 
those address tracks (113) which extend from 
the land one of every adjacent two of the ad- 
dress tracks (113) in the address area (104) of 
the first data storage layer (10) is continuously 
recorded as the recorded area (114) by means 
of the incident light, and the other one is unre- 
corded. 

29. The optical read/write apparatus as set forth in 
claim 28, wherein 

the controlling means (35), after reproducing 
the address information, controls the illuminating 
means (34) based on the obtained address infor- 
mation so that one of every adjacent two of the ad- 
dress tracks (113) is continuously recorded and the 
other one is unrecorded. 

30. An optical read/write apparatus causing a read/ 
write light beam from illuminating means (34) to 
strike only one side of the optical storage medium 
as set forth in claim 24, wherein: 

the optical read/write apparatus comprises 
controlling means (35) for determining based 
on information reproduced from the judgement 
mark (133, 134) whether each of the address 
tracks (113) in the address area (104) is to be 
continuously recorded or left unrecorded and 
controlling the illuminating means (34) accord- 
ing to a result of the determination so that each 
of the address tracks (11 3) is either continuous- 
ly recorded or left unrecorded. 

31. The optical read/write apparatus as set forth in 
claim 27, wherein: 

the storage medium including stacked data 
storage layers (8, 10) each of which is reada- 
ble/writeable on both a land (143) and a groove 
(142) formed on the data storage layer, and the 
address area (104) has address tracks (113); 
and 

the controlling means (35) controls the illumi- 
nating means (34) so that in the address area 
(104) of a first data storage layer (10), either 
those address tracks (113) which extend from 
the land (143) or those which extend from the 
groove (142) are continuously recorded by 
means of the incident light, and the others are 
unrecorded. 

32. The optical read/write apparatus as set forth in 
claim 27, wherein: 
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the storage medium includes stacked data stor- 
age layers (8, 10) each of which is readable/ 
writeable on both a land (143) and a groove 
(142) formed on the data storage layer, and 
each of the data storage layers (8, 10) having 5 
address tracks (113), and in a first data storage 
layer (10), the address area (104) has a first 
address area (144) and a second address area 
(145) which are adjacent to each other along 
tracks, and the address information portions in 10 
either one of the first and second address areas 
(144, 145) are formed in those address tracks 
(11 3) which extend from the land (143), and the 
address information portions in the other one 
of the first and second address areas (144, 145) 15 
are formed in those address tracks (113) which 
extend from the groove (142); and 
the controlling means (35) controls the illumi- 
nating means (34) so that either an area where 
the address information portions are formed or 20 
an area where no address information portions 
are formed is continuously recorded as the re- 
corded area (114) in the first and second ad- 
dress areas (144, 145). 

25 

33. An optical read/write method, comprising the step 
of causing a read/write light beam to strike only one 
side of an optical storage medium including stacked 
data storage layers (8, 10) each of which is reada- 
ble/writeable separately from the other layers by 30 
means of only a light beam striking one side of the 
optical storage medium, each of the data storage 
layers (8, 1 0) having at least one address area (1 04) 
where there are collectively formed address infor- 
mation portions representing address information, 35 
the optical storage medium exhibiting an optical 
transmittance which varies when data is written by 
means of the light beam, wherein 

the address area (104) of a first data storage 
layer (10) includes a recorded area (114) exhibiting 40 
a varied transmittance and a non-recorded area ex- 
hibiting an original transmittance, the first data stor- 
age layer (10) being one of the data storage layers 
(8, 1 0) which is located closest to a light-striking sur- 
face of the medium, a second data storage layer (8) 45 
being another of the data storage layers (8, 10) 
which is located next to the first data storage layer 
(10), opposite the light-striking surface. 

34. The optical read/write method as set forth in claim 50 
33, wherein: 



ea (114), and the other one is unrecorded so as 
to form the non-recorded area. 

35. The optical read/write method as set forth in claim 
34, wherein 

said one of adjacent two of the address tracks 
(113) in the address area (104) is continuously re- 
corded, and the other one is unrecorded, after ad- 
dress information is read, based on a resultant ad- 
dress information. 

36. The optical read/write method as set forth in claim 
24, comprising the step of causing a read/write light 
beam from illuminating means (34) to strike only 
one side of an optical storage medium, wherein 

the method further comprises the steps of de- 
termining based on information reproduced from 
the judgement mark (1 33, 1 34) whether each of the 
address tracks (113) in the address area (104) is to 
be continuously recorded or left unrecorded and 
causing each of the address tracks (1 1 3) to be either 
continuously recorded (114) or left unrecorded by 
means of the incident light according to a result of 
the determination. 

37. The optical read/write method as set forth in claim 
33, wherein: 

the storage medium is such that the address 
area (104) has address tracks (113); and 
in the address area (104) of the first data stor- 
age layer (10), either those address tracks 
(113) which extend from the land (1 43) or those 
which extend from the groove (142) are contin- 
uously recorded so as to form the recorded ar- 
ea (114), and the others are unrecorded so as 
to form the non-recorded area. 

38. The optical read/write method as set forth in claim 
33, wherein: 

the storage medium includes stacked data stor- 
age layers (8, 10) each of which is readable/ 
writeable on both a land (143) and a groove 
(142) formed on the data storage layer, and 
each of the data storage layers (8, 10) having 
address tracks (113), and in a first data storage 
layer (10), the address area (104) has a first 
address area (144) and a second address area 
(145) which are adjacent to each other along 
tracks, and the address information portions in 
either one of the first and second address areas 
(144, 145) are formed in those address tracks 
(11 3) which extend from the land (143), and the 
address information portions in the other one 
of the first and second address areas (144, 145) 
are formed in those address tracks (113) which 
extend from the groove (142); and 



the storage medium is such that the address 
area (104) has address tracks (113); and 
one of every adjacent two of the address tracks 55 
in the address area (104) of the first data stor- 
age layer is continuously recorded by means of 
the incident light so as to form the recorded ar- 
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either an area where the address information 
portions are formed or an area where no ad- 
dress information portions are formed is contin- 
uously recorded as the recorded area (114) in 
the first and second address areas (144, 145). 5 

39. An optical storage medium, comprising: one light- 
striking-side storage layer (215) provided as a data 
storage layer on a light-striking side; and one or 
more opposite-side storage layers (213) provided 10 
as data storage layers opposite the light-striking 
side from the light-striking-side storage layer (21 5), 
wherein 

one of the opposite-side storage layers (213) 
which is, as a last data storage layer, most dis- 15 
tanced from the light-striking-side storage layer 
(215) has a prepit area (206) which includes pre- 
formed pits representative of data. 

40. The optical storage medium as set forth in claim 39, 20 
wherein 

each of the data storage layers except for the 
last data storage layer has a pseudo-recording area 
(207) at such a position that allows light to be trans- 
mitted to the prepit area (206), the pseudo-record- 25 
ing area (207), when fully prerecorded, exhibiting a 
higher optical transmittance than other areas. 

41. An optical read/write apparatus causing a read/ 
write light beam from illuminating means (34) to 30 
strike only one side of the optical storage medium 

as set forth in claim 39, wherein 

the optical read/write apparatus comprises: 
envelope detecting means (251) for detecting an 
envelope of a reproduction signal obtained from the 35 
prepit area; mean level producing means (252) for 
producing a mean level of the detected envelope; 
and digital converting means (253) for converting 
the reproduction signal to a digital signal using the 
mean level as a reference. 40 

42. An optical read/write apparatus causing a read/ 
write light beam from illuminating means (34) to 
strike only one side of the optical storage medium 

as set forth in claim 39, wherein 45 

the optical read/write apparatus comprises: 
low frequency variation removing means (261) for 
removing low frequency variations from the repro- 
duction signal obtained from the prepit area (206); 
and digital converting means (63) for converting the 50 
reproduction signal from which the low frequency 
variations are removed to a digital signal using a 
constant voltage as a reference. 

43. An optical read/write apparatus causing a read/ 55 
write light beam from illuminating means (34) to 
strike only one side of the optical storage medium 

as set forth in claim 40, wherein 



the optical read/write apparatus comprises: 
recording status checking means (271 ) for checking 
whether the pseudo-recording area (207) is fully re- 
corded or not based on a reproduction signal ob- 
tained from the pseudo-recording area (207); and 
pseudo-recording means (236) for fully recording 
data in the pseudo-recording area (207) if the pseu- 
do-recording area (207) is not fully recorded. 

44. An optical read/write method of causing a read/write 
light beam from illuminating means (34) to strike on- 
ly one side of the optical storage medium as set 
forth in claim 39, wherein 

the method further comprises the steps of: 
producing a mean level of an envelope of a repro- 
duction signal obtained from the prepit area (206); 
and converting the reproduction signal to a digital 
signal using the mean level as a reference. 

45. An optical read/write method of causing a read/write 
light beam from illuminating means (34) to strike on- 
ly one side of the optical storage medium as set 
forth in claim 39, wherein 

the method further comprises the steps of: re- 
moving low frequency variations from the reproduc- 
tion signal obtained from the prepit area (206); and 
converting the reproduction signal from which the 
low frequency variations are removed to a digital 
signal using a constant voltage as a reference. 

46. An optical read/write method of causing a read/write 
light beam from illuminating means (34) to strike on- 
ly one side of the optical storage medium as set 
forth in claim 40, wherein 

the method further comprises the step of fully 
recording the pseudo-recording area (207) so that 
light can transmit the prepit area (206). 

47. An optical storage medium, comprising: one light- 
striking-side storage layer (215) provided as a data 
storage layer on a light-striking side; and one or 
more opposite-side storage layers (213) provided 
as data storage layers opposite the light-striking 
side from the light-striking-side storage layer (21 5), 
wherein: 

the light-striking-side storage layer (215) has a 
prepit area (206, 208) which includes pre- 
formed pits representative of data; and 
the light-striking-side storage layer (215) has a 
larger optically transparent, recordable area 
(203) than do the opposite-side storage layers 
(213). 

48. An optical storage medium, comprising: one light- 
striking-side storage layer (215)provided as a data 
storage layer on a light-striking side; and one or 
more opposite-side storage layers (213) provided 
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as data storage layers opposite the light-striking 
side from the light-striking-side storage layer (21 5), 
wherein: 

the light-striking-side storage layer (215) has a 5 
prepit area (206, 208) which includes pre- 
formed pits representative of data; and 
the prepit area (206, 208) allows transmission 
of light so that light reaches the opposite-side 
storage layers (213), at a transmittance sub- 10 
stantially equal to that of a recordable area 
(203) of the light-striking-side storage layer 
(215). 

49. The optical storage medium as set forth in claim 47 15 
or 48, wherein 

recordable areas (203) of the data storage 
layers except for a last data storage layer which is 
most distanced from the light-striking-side storage 
layer (215) exhibit, when fully recorded, a higher op- 20 
tical transmittance than other areas. 

50. The optical storage medium as set forth in claim 48, 
wherein 

the prepit area (206, 208), under such illumi- 25 
nation to fully record the prepit area (206, 208) sub- 
stantially identically to the recordable area (203), 
exhibits a high optical transmittance substantially 
equal to that of the recordable area. 

30 

51 . The optical storage medium as set forth in claim 50, 
wherein 

on a pit row of the pits in the prepit area (206, 
208), there is formed a continuous, fully recorded 
storage area with neither the pits nor intervening 35 
portions between the pits left unrecorded, so that a 
fully recorded portion occupies a substantially equal 
area in a part where light is concentrated in the re- 
cordable area (203) and in a part where light is con- 
centrated in the prepit area (206, 208). 40 

52. An optical read/write apparatus causing a read/ 
write light beam from illuminating means (34) to 
strike only one side of the optical storage medium 

as set forth in claim 49, 45 

the optical read/write apparatus comprising 
controlling means (35) for controlling the illuminat- 
ing means (34) so that the recordable areas (203) 
of the opposite-side storage layers (213) located 
next to the light-striking-side storage layer (215) are 50 
read/written after the recordable area (203) of the 
light-striking-side storage layer (215) is fully record- 
ed. 

53. An optical read/write apparatus causing a read/ 55 
write light beam from illuminating means (34) to 
strike only one side of the optical storage medium 

as set forth in claim 50, 



the optical read/write apparatus comprising: 

continuous storage area checking means (91) 
for checking based on a signal reproduced from 
the prepit area (206, 208) whether or not the 
prepit area (206, 208) has a continuous storage 
area where areas interposed between the pits 
are continuously and fully recorded as to a pit 
row of the pits; and 

continuous recording means (36) for perform- 
ing such recording that on the pit row in the pre- 
pit area (206, 208) where the continuous stor- 
age area is not present, there is formed the con- 
tinuous storage area so that a fully recorded 
portion occupies a substantially equal area in a 
part where light is concentrated in the recorda- 
ble area (203) and in a part where light is con- 
centrated in the prepit area (206, 208). 

54. An optical read/write method of causing a read/write 
light beam from illuminating means (34) to strike on- 
ly one side of the optical storage medium as set 
forth in claim 49, 

the method comprising the step of reading/ 
writing the recordable areas (203) of the opposite- 
side storage layers (213) located next to the light- 
striking-side storage layer (215) after fully recording 
the recordable area (203) of the light-striking-side 
storage layer (215). 

55. An optical read/write method of causing a read/write 
light beam from illuminating means (34) to strike on- 
ly one side of the optical storage medium as set 
forth in claim 50, 

the method comprising the step of performing 
such recording that as to a pit row of the pits to form 
a continuous storage area on the pit row in the prepit 
area (206, 208) in the continuous storage area 
where areas interposed between the pits are con- 
tinuously and fully recorded is not present so that a 
fully recorded portion occupies a substantially equal 
area in a part where light is concentrated in the re- 
cordable area (203) and in a part where light is con- 
centrated in the prepit area (206, 208) 

56. The optical storage medium as set forth in any of 
claims 1, 22, 24, and 39, 

the optical storage medium exhibiting a lower 
optical reflectance in recorded areas of the data 
storage layer positioned on the light-striking side 
than in non-recorded areas thereof. 

57. The optical read/write apparatus as set forth in any 
of claims 6, 7, 8, 10, 13, 27, 30, 41, 42, and 43, 
wherein 

the optical storage medium exhibits a lower 
optical reflectance in recorded areas of the data 
storage layer positioned on the light-striking side 
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than in non-recorded areas thereof. 

58. The optical read/write apparatus as set forth in any 
of claims 14, 15, 16, 18, 21, 33, 36, 44, 45, and 46, 
wherein 

the optical storage medium exhibits a lower 
optical reflectance in recorded areas of the data 
storage layer positioned on the light-striking side 
than in non-recorded areas thereof. 
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